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THE MOVEMENTS OF PLANTS. 



INTRODUCTION. 

The chief object of the present work is to describe 
and connect together several large classes of move- 
ment, common to almost all plants. The most widely 
prevalent, movement is essentially of the s;imc nature 
as that of the stem of a climbing plant, which bends 
successively to all points of the compass, so that the 
tip revolves. This movement has been called by 
^acbs ,; revolving nutation;" but wo have found it 
much more convenient to use the terms circumnutation 
and circumnulate. As we shall have to say much 
ul>;>ut tlii- movement, it Will be Useful here briefly to 
describe its nature. If we observe a circum nutating 
stem, which happens at, the time to be bent, we will 
say towards the north, it will he found gradually to 
bund more and more easterly, until it faces Ihe east ; 
and so onwards to the south, then to the west, and 
buck again to the north. If the movement had been 
quite regular, the apex would have described a circle, 
or rather, as the stem is always growing upwards, a 
circular spiral. But it generally describes irregular 
elliptical or oval figures ; for the apes, after point- 
ing in any one direction, commonly moves back 
to the opposite side, not, however, returning along 
the same lino. Afterwards other irregular ellipses 
or ovals aro successively described, with their longer 
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axes directed to different points of the compass. 
Whilst describing such figures, the apex often travels 
in a zigzag line, or makes small subordinate loops or 
triangles. In the case of loaves the ellipses are 
generally narrow. 

Until recently the cause of all such bending move- 
ments was believed to be due to the increased growth 
of the side which becomes for a time convex ; that this 
side does temporarily grow more quickly than the 
concave side has been well established ; but De Yries 
has lately shown that such iucreased growth follows 
a previously increased state of turgescence on the 
convex side." In the case of parts provided with a 
so-called joint, cushion or pulvinus, which consists of 
an aggregate of small cells that have censed to 
increase in size from a very early age, we meet with 
similar movements ; and here, as l'feffer has shown t 
and as we shall see in the course of this work, 
the increased turgescence of the cells on opposite 
sides is not followed by increased growth. Wiesner 
denies in certain case3 the accuracy of Be Vries' con- 
clusion about turgescence, and maintains ( that the 
increased extensibility of the cell-walls is the more 
important element. That such extensibility must 
accompany increased turgescence in order that the part 
may bend is manifest, and this has been insisted on by 
several botanists ; but in the case of unicellular plants 
it can hardly fail to be the more important element. 
Oi the whole we may at present conclude that in- 



• SboIis first showed OLchr- 19, 187!). p. 83(1. 

buch,' &c, 4tli edit. p. 452) lie t 'D o Pcrimltaslicn Bewegun- 

Intii.iHtfl connection ootw.'cn tur- g,*n iler Dlattorgiine,' 1875. 

••sconce mid growth. For I>e I ' Uii1ersuchunp;cn ilbor den 

V IV intertill.,- f*siv, ' Wu-hs- H^ioti.^Tiius,' Si tr.li. der Ii.. 

■iskriiiiiniiii.jf.-ii muliiwlligoi Akml. ilerWissiiuecimft. (Yionna), 

Oigaiio,' see 1 Bot. Zuituug,' Dec. Jan. 1880. 
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srcased growth, first ow one side and then on another, 
is a secondary effect, and that the increased tur- 
gescence of the cells, together with the extensibility 
of their walls, is the primary cause of the movement of 
cirenmnutation.' 

In the course of the present volume it will be shown 
that apparently ovory growing part of every plant ia 
continually circiiinniit;iting, though often on a small 
scale. Even the stems of seedlings before they have 
broken through the ground, as well as their buried 
radicles, eircumnutate, as far as the pressure of the 
surrounding earth permits. In this universally pre- 
sent movement wo have the basis or groundwork for 
the acquirement, according to the requirements of the 
plant, of the most diversified movements. Thus, the 
great sweeps made by the stems of twining plants, 
and by the tendrils of other climbers, result from 
a mere increase in tlie amplitude of the ordinary 
movement of cirenmnutation. The position which 
young leaves and other organs ultimately assume 
is acquired by the circmimtttating movement being 
increased in some one direction. The leaves of 
various plants are said to sleep at night, and it will 
be seen that tbeir blades then assume a vertical 
position through modi lied cirenmnutation, in order 
to protect their upper surfaces from being chilled 
through radiation. The movements of various organs 
to the light, which are so general throughout the 
vegetable kingdom, anil occasionally from the light, 
or transversely with respect to it, are all modified 

• Sec Mr. Vfot/a excellent (lis- Naturkimrie in Wiirtomberg,' 




it I- IS7!,|>. ail] "ti tli« eurir.ua move- 
11 t - «r Sjiirn^MH, ii ]il:iut enn- 
!Ct. sistillj; of ft tiliLj-ti n. iv if n-V.h, atrj 
■h- v;ilimblein ri'ljtiott t'i tlii=;ul)j.'Ct. 
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forma of circumnutation ; as again are the equally 
prevalent movements of stems, towards the zenith, 
anil of roots towards the centre of the earth. In 
accordance with these conclusions, a considerable diffi- 
culty in the way of evolution ia in part removed, for 
it might have been asked, how did all their diversified 
movements for the most different purposes first arise ? 
As the case stands, we know that there is always 
movement in progress, and its amplitude, or direc- 
tion, or both, have only to be modified for the good 
of the plant in relation with internal or external 
stimuli. 

Besides describing the several modified forms of 
circum nutation, some other subjects will be discussed. 
The two which have interested us most are, firstly, the 
laut that with some seedling plants the uppermost 
part alone is sensitive to light, and transmits an influ- 
ence to the lower part, causing it to bond. If there- 
fore the upper part be wholly protected from light, 
the lower part may be exposed for hours to it, and yet 
does not become in the least bent, although this would 
have occurred quickly if the upper part had been 
excited by light. Secondly, with the radicles of seed- 
lings, the tip is sensitive to various stimuli, espe- 
cially to very slight pressure, mid, when thus excited, 
transmits an influence to the upper part, causing it to 
bend from the pressed side. On the other hand, if 
the tip is subjected to the vapour of water proceeding 
from one side, the upper part of the radicle bends 
towards this side. Again it is the tip, as stated by 
Ciesielski, though denied by others, which is sensitive 
to the attraction of gravity, and by transmission causes 
tht adjoining parts of the radicle to bend towards the 
centre of the earth. These several cases of the effects 
of contact, other irritants, vapour, light, and tlie 
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attraction of gravity being transmitted from the ex- 
cited part for some little distance along the organ in 
question, have an important bearing on the theory of 
all sucH movements. 



Terminology. — A brief explanation of sorao terms which will 
be used, must here be given. With seedlings, the stem which 
supports the eotyiedont (io. the organs which represent the first 
(■\iv.:s) lias lirjmi called by many botanists tin: byiiiii-o-ylrJunnii!. 
stem, but for brevity salie we will speak of it merely as the 
hypoaityl: the- slum immediately above the cotyledons will lie 
Called the ei'kn'yl or plumule. Tho i adicl: can be distinguished 
li.:-n |h- f.y(...iiyl .iilj- l-j tin- |.tt'— "■;.) ■ f r— ! i.a.r- ■>"■! ih ■ 
nature of its covering. The meaning of the word circumnu- 
tali'iti 1ms already Uirii explained. Authors speak of positive 
and negative heliotrop ism, ' — that is, tho betiding of an organ 
to or from the light; but it is much more convenient to confine 
the word htliotrapism to bonding towards the light, and to 
designate as a/hdiUropism bonding from tho light There is 
another reason for this ohai.se, for writ oris, as wo have 
observed, occasionally drop the adjectives juaitiue and negative, 
and thus introduce confusion into their discussions. Dinhcli- 
fio/Hj'n may express a position more or less transverse to 
tho light and induced by it. In like manner positive geotro- 
pism, or bending towards the centre of the earth, will be 
called by us g-ot.<-pitni ; o;,c : /c<>ti<>pi':H will mean bond ins in 
opposition to gravity or from the centre of the earth; and dCa- 
jeatrophm, a position more or loss transverse to the radius of 
the earth. The words heliotropistn and geotropistu properly 
mean [he act of moving in relation lo the light or the earth; 
but in tho same manner as gravitation, though defined as " the 
act of tending to the centre,"' is often used to express tho cause 
of a body falling, so it will be found convenient occasionally to 
ornploy heliotropisnj and geotropistn, &c, as the cause of the 
movements in question. 

The term e.phu::;' n is nnw often used in Germany, and implies 
that the upper surface of an oru'iui «l.jws more quickly than the 



• Tho highly useful terms of Frank : sue big remarkable ■ Bel- 
I li:lio!rnp'iiiu ami V.t i't:-o[,isi:i t: Liifj- mi ['i!nli/t'i]ilj) pi.)li|-it>, 
were ilrot used by Dr. A. B. 18UB. 
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lower surface, and thus causes it to bond downwards. Hypo- 
natty is tho reverse, find implies increased pri>'.vth along the 
lower surface, causing the- part to bend upwards.* 

M-thodn iif Observation, — Tile movements, sometimes Tory 
small and sometimes considerable in extent, of the various 
organs observed by us, were traced in the manner which after 
many trials we found to ba best, and which must l>e described. 
Plants growing in pots were protected wholly from tho light, 
or hud light admitted from above, or on one side as the ease 
might require, and were covered above by a largo horizontal 
sheut of glass, anil witli iiiiolln;r vertical sln:ct on one tide. A 
glass filament, not thicker tlian a horsehair, and from a quarter 
to three-quarters of an ui'-li in length, was affixed lo the part to 
be observed by moans of shellac dissolved in alcohol. The 
solution ivas allowed io cvapora-e, uiiiil it became so thick that 
it set hard in two or three secoDds, and it never injured tho 
tissues, even the tips of tender radicles, to which it was applied. 
To the end of tile glass filament an excessively minute bead of 
black Healing- wax was cemented, btli.nv or llhmd which a bil of 
card with a black dot was fixed to a slick driven into the ground. 
The weight of the filament was so sliirln that even small leaves 
were not perceptibly pressed down. Another method of ohser- 

required, will presently bo described. Tho bead and the dot 
on the card were viewed through the horizontal or vertical 
glass-plate (according to the position of the object), and when 
one exactly covered the other, u dot was made on the glass-plate 
with a sharply pointed stick dipped in thick lndion-ink. Other 
dots were made at short intervals of time and these were after- 
wards joined by straight lines. The figures thus traced were 
therefore angular; but if dots had been made every 1 or 
2 minutes, the lines would have beeu more curvilinear, as 
occurred when radicles were allowed to trace their own 
courses on smoked glass-plates. To make the dots accurately 
was tho solo difficulty, and required seme practice. Nor could 
ibis lie doiy finite accurately, when the movement was much 
magnified, such as 30 times and upwards; yet even in this 
case the general course may be trusted. To test the accuracy 
of the above method of observation, a liiafnent was tistd to an 
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inanimate object which was mada to slide along a straight 
edge and dots wore repeatedly made on a glass-plate; when 
these were joined, the result ought to have been a perfectly 
straight lint, and the line was very ne-iirly straight. It may 1« 
added tliat when the dot on the card was placed half-on-inch 
bolow or behind tho bead of sealing-wax, and when tho glass- 
plato (supposing it to have boon properly curved) stood at a 
distance of T inches in front (a common di.-tancc), then tin- 
tracing represented the movement of the bead magnified 15 

\\ hciiuvc-r a great increase of the pi o Vi_ i ii e n t was not required, 
another, and in some respocfa better, method of olecrvation was 
followed. This consisted i:i living two minute triangles of thin 
paper, about ^ inch in height, to the two cuds of the attached 
pfass filament ; and when their lips were brought into a line so 
that they covered one another, dots wen: nude as before on the 
glass-plate. If we Eiijipost the glass-plate to stand at a dis- 
tanco of seven inches from the end of tho shoot bearing the 
filament, tho dots when joined, will give nearly tho same figure 
as if a filament seven indies Ion- dip]., id in ink, had been 
fixed to the moving shoot, and had inscrilied its own course 
on tho plate. The movement is thus considerably magnified; 
for instance, if a shoot one inch in length were bending, and 
tho glass-plato stood at tho distance of seven inches, tho move- 
ment would U; m;i[:itili.-.leieb; times. It. would, however, have 
been very difficult to have ascertained in enck ease how great 
a length of the shoot was bending; and this is indispensable 
for ascertaining the degree to which the movement is magnified. 

After dote had boon made on tho glass-plates by either of 
tho above methods, thoy wore copied on tracing paper and 
joined by ruled lines, with arrows showing the direction of tho 
movement. The nocturnal courses are represented by straight 
broken lines. The first dot is always made larger than the 
others, so as to catch the eve, as may be seen in tho diagrams. 
Tho figures on the glass-] ihd.es were often drawn on too large 
a scale to bo reproduced on tho pages of this volume, and tho 
pvo portion in wiii.d: rbey linv iw. n reduced is always given." 
Whenever it could bo approximately told how much the move- 
ment had been magnified, this is stated. We have perhaps 



• Wo ore much indebted to he lias reduced and ougraved our 
Mr. Cooper fur the care with whfch diagrams. 
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Ilul emu iii !his casts it ivm;M ijava been iieciwirv afterwards 
to havo projected the figures on paper ; so that complete 
accuracy could not have been attained. From tho distortion 
of our figures, owing to tho above causes, they are of no use 
to any one who wishes io know the exact itmoimt ui movement, 
or the exact course pursued ; but they servo excellently for 
ascertaining whether or not the port moved at all, as well as 

In the following chapters, the movements of a con- 
siderable number of plants are described ; and the 
species have been arranged according to the system 
adopted by Hooker in Le Maout and Decaisue's ' De- 
scriptive Botany.' No one who is not investigating 
the present subject need read all the details, which, 
however, we have thought it advisable to give. To 
save the reader trouble, the conclusions and most of 
the moro important parts have been printed in larger 
type than the other parts. He may, if he thinks fit, 
read the last chapter first, as it includes a summary 
of the whole volume ; and he will thus see what 
points interest him, and on which he requires the 
full evidence. 

Finally, we must have the pleasure of returning oui 
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sincere thanks to Sir Joseph Hooker and to Mr. W. 
Thiselton Dyer for their great kindness, in not only 
sending us plants from Kew, but in procuring others 
from several sources ivlien they were required for our 
otiservutions ; also, for naming many species, and giving 
us information on various points. 
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CHAPTER L 

Tee ClBdCHSCTA-I IMG MOVEMENTS of SeedliNO Plum*. 

Braatica olerarea, cireum nutation of the radiele, of the arched hypo- 
cotyl whilst still buried beneath tl.c ground, «rhil»t ruing above (he 

of tho cotylidonfr-Rnto of movc-mout— AnoJegous cbstrrvotionB on 
various orpins in species of Gftliago, GoBsypium, Oxalis, Trn- 
pffiolum, Citrus, Jisculua, of several Leguminous and Cuourbita- 
cemis yni^rii. OiHinli... rTi-li-uil.liri-, T'rinniLi, CjduiHcn Bta]irl'a, 

Cerintbe, Nulaiui, Sulmi , li. U Iticinus, Quercus, Corylns, Fiuus, 

Ovens, Caiiim. Allium, Asiiursigus, riiutarii, Zm. A vena Xupiiro- 
diuni, nnd Solegiualla. 

The following chapter is devoted to the circum- 
nutating movements of the radicles, hypocotyla, and 
cotyledons of seedling plants; and, when the coty- 
ledons (In not risii iilmvc tin: ground, to the 1 movements 
of the epicotyl. But in a future chapter wc shall linvc 
to recur to the moveinenls of eeiLtiii cotyledons which 
sleep ut night. 

.Draaica oleracca (Crucify).— Fuller details will bo given 
with respect to Ilic- movemuiils in this rase than in any other, 

Hamc-A seed with the radicle^ projecting 05 inch was 
fastened with shellac to a little plate of zinc, so that the 
radiele stood up vertically; and & fine glass filament was then 
ted near its base, Hint is, close to the seed -coats. Tho seed 
was surrounded by little bits of wot sponge, and the move- 
ment of tho bead ot the end of tho filament wns iraced (Fig. 1) 
during sixty hours. In this lime the radicle increased in 
length from 05 to '11 inch. Had the filament been attached at 
first dose to the apex uf the radicle, and if i! rmdd have re- 
mained there all the time, the movement exhibited would have 
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bean much greater, for at the close of our observations the tip, 
instead of standing vertically upwards, had become bowed 
downwards through gootropism, so as almost to (ouch the lino 
plate. As far as wo could 
roughly ascertain bymeasure- 
mnnte mndo with compasses 
on other seeds, the lip alone, 
for a length of only yj a to 
-Jj; of an inch, is acted on 
by geotropism. But the trac- 
ing shows that the basal part 
of tho radicle continued to 
circumnntato irregularly dur- 
ing the whole time. The 
actual extreme amount of 
movement of the bead at the 
end of the filament was nearly 
■05 inch, but to what eiteut 
the movement of tho radicle " ' .'h j' : ■ V r'-iV- °. i" !i □ 'r' -'. i i" ■ ■ -it ■ i i ' i "t ■-■ V 
was magnified by tho fila- from 9 a.m. .Inn. 31« to fi p.m. 
innnt, which w;is iiwirly J inch Feb. iv.-.l. M.'.^iKut of lini.l at 
iu length, it was impossible Jo*,^ 1 "™ 1 m " Kn ' lie ' i Bboul 
to estimate. 

Another seed was treated and obscrvod in the same manner, 
but tho radiclo ia this case protruded -1 inch, and was not 

Fig. 3. 




fastened so as to project quite vertically upwards. The filament 
was affixed close to its base. Tho tracing (Fig. 2, reduced by 
half] shows the movement from 9 a.m. Jan. 31st to 7 a.m. 
Feb. 2nd; but it continued to move during the whole of tho 
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2nd in tho same general direction, and in a similar zigzag 
manner. From the radicle not bring quite perpendicular w l.on 
the filament was affixed «entr.>pis:n came into play at rain;; 
but the irregular y.^y.«..- course shows that there was growth 
(probably preceded by tumescence), sometimes on one and 
sometimes 0:1 another side. Occasionally llic bead remained 
stationary for about an hour, and then probably growth occurred 
on the fide oppo.-ito to that which caused tin) geotropic curva- 
ture. In the cape previously described the bxial part of tin) 
very short radicle from being turned vertically u ] j rm la. was aL 
first very little affected by peotropism. Filaments woro affixed 
in (wo other instances to rather longer radicles prot nidi lip; 
obliquely from seeds which bad boon turned upsido down ; and 



mcnts of the radicles of other plants, that they may l>e largely 
trusted. 

Hypocoiyl.— The hypocotyl protrudes through the seed-coats 
a* 11 redanpdnr projection, whieh grows rapidly into an arch 
like the lottor U turned upside down f) ; the cotyledons being 
sUl enclosed within the seed, it; whatever po.-ition the seed 
may be embedded in the earth or otherwise fixed, both legs or' 
tho arch beud upwards through apoL-rorropism, and thus rise 
vertically above the (.-round. As soon ns this has taken place, 
or even earlier, the inner or concave surface of the arch grows 
more quickly than the upper or convex surface; and this tends 
lo separate the two legs and aids in drawing the cotyledons out 
of the buried seed-coats. By the growth of the whole arch the 
colyledousarenlliuiaiely draped from hcueath the ground, even 
from a considerable depth; and now the bypoeolyl quickly 
straightens itself by the increased growth of the concave side. 

Even whii.^t the arched or Joulilcd hypocoiyl is still beneath 
the ground, it circumnutntcs as much as the pressure of the sur- 
rounding soil will permit; but this was difficult to observe, 
because as soon as tho arch is free:! from lateral pressure the two 
legs begin to separate, even at a very early age, before the arch 
would naturally have reached the surface. Heeds iverc allowed 
lo germinate on the surface of damp earth, and idler ihev had 
fixed themselves by their radicles, and alter tho, as yet, only 
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slightly arched hypocotyl hod become nearly vertical, ft glass 
filament was affised on two occasions near to the base or the 
basal leg (i.e. the one in connection witli tho radicle), and its 
movements were iraced in darkness on a horizontal glass. The 
result was that long lines wore formod running in nearly the 
piano of the vertical aruh, due to the early separation of the 
two legs now freed from pressure ; but as the lines were Kigzag, 
showing lateral movement, the arch must have been circum- 
iiui:ilirif!, whilst, it sli-aiejiiteniii;; itself i>; growth along its 
inner or concave surface. 
A somewhat different method of obEcrvation wag next followed : 



ftmei oteaw ; ciriii!iiunfa.tiu{; mnvrmid r-.f tmriri Jvnd arched hypo- 
vnti l (ililn)v illuminiUed from abure), trrajd no horizontal glass during 
-!.'>'l:fi\ira. ",M.--r.':ii<-i:*. ■ >• I..--..: '■>■ iim-ilUu:,] ;iU.io 1:> times, 

nnrl here reduced lo i^nj-Jialf of original scale, 

ns soon as the earth with seeds in a :xit began to crack, the 
surface was removed in parts to the depth of 2 inch; and a 
filament was fixed to the basal leg of a buried and arched hypo- 
cotyl, just above the summit of the radicle. The cotyledons 
were still almost completely enclosed within the much-cracked 
scod-coats; and these were again covered t j j . with dump adhesive 
soil pressed pretty firmly dov.-n. The movement of the filament 
was traced (Fig. 3) from 11 a.ji. Feb. 5th till 8 a.m. Feb. 7th. 
By this latter period the cotyledons haul been dragged from 
beneath the prossed-down earth, but the upper part of the 
hypoco'.yl still formed r.cirly a ri-idit angle with tho lower part. 
The tracing st ij'ts that the arched hypocut.vl toinL: at tiii. : i early 



Fig. 3. 
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ago to circumniitatc irrc(rular]y. On the first day the greater 
movement (from riylit to left in the figure) was not in the plane 
»f the vu-iini) air.! iiru:uul hv|.oi:o1 jl, I ml a: rifjlit jiugli's ta it, or in 
tin; plane of liic t« u cutj'kiliins, ivliuOi hi:- re si ill in dose eunlact. 
The kiml leg of the arch nt the tine when the filament was 
affixed to it, was already bowed considerably backwards, or. 
from the ootylodons; had the filament been affixed before this 
bowing occurred, the chief movement would have been at right 
angles to that shown in the figure. A filament was attached to 
■mother buried livnoeoh! of the sainf! nge, and it moved in a 
similar general monnar, but the line traced was not so complex, 
Ibis hypocotjl became almost straight, and the cotyledons were 
dragged from beneath the ground on theevening of thesecond day, 




I of buried and arched hypo- 
i.it vl, with the livi- l.';.;s in" 111.! nivti tivil ti. S ,-;.li..j-, lr.wl <ia hfrisnot.il 
Cl:.?-i d-jTiiii; in 1 nr..- .\1i.vc:n.-!nt oi the htail u: IiIiimiiiiT Magnified 
about 26 times, and here redu;cj to une-linlf urigmal seals. 



from beginning to separate at once, they were tied together with 
fine silk. This was done partly because we wished to ascertain 
how tony f fits livii'i'.'nlvl, ir; lis arehnl crisi-litifiii, would continue 
to move, and whether the movement when not masked and 
disturbed by the straightening process, indicated ciroumnu- 
tation. Firstly, a filament was fixed to the basal log of an 
arched hypocotyl close abovo the summit of the radicle. The 
cotyledons were still partially enclosed within the sced-eoats. 
The movement was traced (Fig. 4) from 9.20 a.m. on Dec 
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33rd to 6.45 a.m. on Deo. 25th. No doubt the natural mow. 
ment was much disturbed by the two lega having been tied 
together ; but we tee that :5 was distinctly zigzii;, first in one 
direction and then in an almost opposite one. After 3 p.m. on 
the 24th the arched hypoeotvl sometimes remained stationary 
for a considerable time, and when moving, moved far slower than 
before. Therefore, on the morning of tho 25th, the glass fila- 
ment was removed from Hie has:! of the basil leg, and was fixed 
horizontally on the summit of the arch, which, from the legs 
having been tied, had irrmvn broad and almost flat. The 
movement was now traced during 33 hours (Fig. 5), and we 

Fig. S. 



Bnasba ofrracea: cirenramtating movement of the crown of a burled and 
lUvlic.l livpiicn! vl, Mitii (he two h-i tk't tiicuth-:-. tr..M,l Oil a tviri- 
lontal glass during 2;! hours. Murement of "the bead of tho filament 
magnified shout 53 tLinea, and here reduced to one-half original 

sec that the course u:n still y.ipziv.r, which indirales a tendency 
to circummitotion. Tho base of tho basal leg by this time had 
almost completely ceased to move. 

As soon as the ccy ylod'ir.s have been naturally dragged from 
beneath the ground, and the hypocotyl has straightened itself 
by growth along the inner or concave surface, there is nothing to 
interfere with the five; [Hi j v. >in- ;i it h. c.if 1.1 ie ]yirls; and tho circum- 
nutation now becomes much more regular and clearly displayed, 
as shown in the following cases:— A seedling was placed to 
front and near a north-east window with a line joining the 
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two cotyledons parallel to tlia window. It was thus left the 
whole da; us to a- commodate itself to (lie liLriit. On the 
following morning a filament was fixed to tho midrib of the 
larger and taller cotyledon (which enfolds the other and smaller 
one, whilst still within the seed), and a mark being placed 
close behind, the movement of the whole plant, that is, of the 
hypocotyl am] cotyledon, was tiueed greatly magnified on a ver- 
tical glass. At first tho plant beat so much towards the light 
that it was useless to attempt to trace the movement ; but at 
10 A.M. kcliotropisin almost wholly ceased and tho first dot was 
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Bnaitca oleracen: mnjr.ml (•rcsimmlntii'si n" tii'.' hypocotyl no it cotyledon! 
daring 10 boon 45 minutes. Figure here reduced toone-half original 

made, on the glass. The last was made at Evlo r.M.; seventeen 
dots being altogether made in tliis interval of 10 h. 45 m (t:ca 
Fig. 6). It should be noticed that when I looked shortly after 
■ii'.'.i Uie bead 'vas pimilim; :>fT tlio ten**, hut if ,-amo ™ again 
at 550p.m., and the course during this interval of 1 h. 30m. has 
been filled up by imagination, bnt cannot bo far from correct 

scribed 3J ellipses in 30} h. ; each being completed on an 

On tlie previous .lay another seedling had been observed 
mider similar cuLrtiiioijs;, excepting that tho plant was so 
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plii(i,;(l Hint ii joir.iny the. two ciirylml.vns jx>m!v:d tcwnrdK 
tilt' wiiulow ; ami the II I : ltl-c-: i ( whs :d(iLi:.li«'t to tin- --tn;i!)er coty- 
ledon on tlia side furthest from the window. Moreover, the 
plant mis now for the first time placed in this position. Tho 
culjii;tti>!is bowed ihcmfiilve.i Jio.it y tinvurds the liirhr fr-'iiu S to 
lO.oO A.m., when the first dot was mode (Fig. 7). During tlie 




noxt 12 hours the bead swept obliquely up and down 8 timea 
ninl (ft'ji'eil:r'l -I (iiri ] ■■] 'i> wn1 h;; el I ijwes ; mi tint it f ravel le 1 
iit nearly tlm smile rate an in tlie prtvimis ca^e. During the 

9 a. si. on the folio ■.viiin uivMiini: ; Imi this f sit tor movement 
ivnulil iiiit hnvc '■■(■cinei with so^iiiings under thi.iv natuml 
conditions fully exposed to the light. 
By 9.2a a.m. on this round day the same cotyledon had 
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began to fall, and a clot was made on a [resh glass. The move- 
ment was traced until 5.30 p.m. as shown in (Fig. 8), which is 
given, because the course followed was much more irregular 
than on the two previous 
*• occasions. During these 

8 hours the liead changed 
its courso groatly It) times. 
The upward movement of 
Hi-.; (-(itvlrnloii during tha 
afternoon and early part 
of the night is hero plainly 
shown. 

As the filaments wore 
fixed in the three lost 
cases to one of the coty- 
ledons, and as the hypo- 
eotyl was left free, tho 
tracings show the move- 
™ aekmeta- conjoint clrcum nutation men ' °f organs Con- 

or the bjpocotyl nod cotyledons during joined; and we now 
S noun. Figure here reduced to one- wished to ascertain whe- 
IhiH the -ri^nl ^.e, n; mtcl oi a (]ll , £ . ,,„,]. ^rtnillliulni.il. 

vert.oalgU.*. Filaments wore therefore 

fixed hoir/unlallv lo two b v|-orv:jiyls f.'!.-jsi' beneath fho, pe'ioli.:£ 
of their cotyledons. Thess seedlings had s:-.:cnt for two days 
in the some position before a north-east window. In the morn- 
ing, up to at tout 11 a.m., they moved in /ipvig linos towards 
the light; and at night they asrnin I'CC.imc almost upright 
through apoBeotropism. After about 11 a.m. they moved a 
little back from the light, often crossing and recrossing their 
former path in aigfcag lines. The sky on this day varied much 
in brightness, mid llie-e ohsei Nation* merely proved that the 
hjpocotyls were continually moving in a manner resembling 
circuninutation. On a previous day which, was uniformly 
cloudy, n hyporotyl was (irmly seen iv.il to a little stick, and 
a filament was fixed lo the larger of the two cotyledons, and it's 
movement was traced on a vertical glass. It fell greatly from 
8.52 a.m., when tlie first Jo: was nmie/till IO.iViA.m. ; it then rose 
greatly until 12.17 p.m. Afterwards it fell a little and mode a 
loop, but i>y 2.22 p.m. it had risen a little and continued rising 
till i.1.23 P.M., when it. made another loop, and at l'j.Sf! r.n. wns 
again rising. Ihosi; observations, show that liie cotyledons nuiTO 
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vertically up and down all day long, and as there was some 
Blight lateral movement, they circumnutated. 

The ealilmiin «"a.s onu of tin tirsi plii;iis, (fit; fieciUitigs of which 
wero observed by us, and we 
did not then know how far . Vigk 9 ' 

tho eircumrratation of the 
different parts was affected 
by light Young seedlings 
were therefore kept in com- 
plete darkness except for a 
minute or two during each 
observation, when they were 
illuminated by a small wax 
taper held almost vertically 
abovothem. During the first 
day the hypocotyl of one 
changed its course 13 times 
(see Fig. 9); and it deserves 
notice that tho longer axes 
of tho figures described often 
cross one another at right or 
nearly right angles. Another 
seedling was observed in the 
same manner, but it was 
mueh older, for it had formed 
a true leaf a quarter of an 
inch in length, and the hy- 
pocotyl was 1£ inch in height. 
The figure traced was a very 
complex one, though the 
movement was not so great 
in extent as in the last case. Bwh 

The hypocotyl of another hypo 
seedling of the same age was h ""' 
secured to a littlo stick, and ™";'°* 
a filament having been fixed 8.30 
to tho midrib of one of the iD H- 
cotyledons, the mnvemont of 
the bead was tmeed during Hh. 15m 
It should be noted that the chief n 

namely, up and down, would bo shown on a horizontal glass 
plate only by the linos in the direction of the midrib (that ii 
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p and down, as Fig. 10 here stands) being a Little lengthened 
r shorsehird ; wla-rcas any -lateral movement would be well 
exhibited. Tiie present- tracing shows 
Rfr !»■ that the- cotyledon did thuB move laterally 

O (that is, from side to sitle in the traeiug) 

12 times in the H h. 15 m. of observa- 
tion. Therefore the cotyledons certainly 
circum nutated, though tbo chief movo- 
i up and down in a vertical 
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f of meLw^f.-The movements of 
nwcotjls and cotyletlons of seedling 



sufficiently illustrated. With respect to 
the rate, s..oiiiings were placed under the 
Siataea derma : sir- mjc^ggcopo w jtf, (ho Stage removed, and 
! U tvledon, the hyuu- ,t ' t ' 1 a micrometer eye-piece Bo adjusted 

«"tyl ii.i-.-i.i-; s -l that eai'h division pqualk-d f null ; the 

smw&l to a stitt, ],i;„ii. s we „. illuminated liy light passing 
uf elosa, in^il^irk- through a solulion of bichromate of potaa- 
new, i'rom 8.ir> a.ii. sinm so as to eliminate hcliotropism. 
to |n.S'i i-.ji. Man- Under tlic-.-iUcirciimsljinTOsit wasiiiicroiit- 
tTc n '«h\,n™t m^gnl- ing fo obM "° how M P in| y tbe oircum- 
fieJ 13 times. nutathigapoxofacotyledonpassedacross 
the divisions of the micrometer. "Whilst 
frivolling in any direction the apex generally oscillated back- 
wards and forward; tit the extant of > ;T i 5 and sometimes of nearly 
lis of an inch. ThcBO oscillation. were quite different from the 
[.rumbling caused by uny disturbance in the snnia room or by 
the shutiing of a distant door. The first seedling observed was 
nearly two inches in height and bad hccii ctiolaUd by having 
been grown in darkness. The tip of the cotyledon passed across 
10 divisions of tho micrometer, that is, ^ of an inch, in 6 m. 
■10 s. Short, sins'; iihinients were then fixed veitieally to the 
hypocolyls of several seedlings so as to prnjert a little above the 
cotyledons, thus exaggerating the rate of movement ; but only a 
few of Hie observations thus made are worth giving. The most 
remarkable fact was the oscillatory movement abovo described, 
and the difference of rate at which the point crossed tho divi- 
sions of the niicrouieier, lifter short intervals of time. For 
instance, a lull noi-el iola!ed s«dliiig had been kept fur 14 h. 
in darkness; il. was exposed before a north-east window for uutj 
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two or three minutes whilst a [dnss rilmncnt was fixed vertical Ij 
in the hypocotvl ; it was then again plawd in ti:irlf uo-kk for half 
an hour anil afterwards observed by light passing ihroii'jh 
hich null! lie of potassium. Tliu point, oscillating as usual, 
crossed five divisions of the micrometer (i. o. -fa inch) in 
lm. 30b. The seedling was then left in darkness for an hour, 
and now it required 3 in. 6s. to cross one division, that is, 
15 ro. 30 s. to have crossed fivo divisions- Another seedling, 
after being occasionally observed in the back part of a northern 
room with a very dull light, and left in complete darkness for 
intervals of half an hour, cro.iW'l lite divisions in Sib. in t lie 
direction of the window, so that we concluded that the move- 
ment wrs hcliotropio. But this was proliably not tho case, for 
it was placed close to n north cast window and left them for 
'25 m, afler which time, instead of moving slill more quickly 
towards (he light, as might have i-t : r.'is expect ud, it [ravelled 
only at the rate of 12m. 30s. for five divisions. It was then 
again left in complete darkness for 1 h., and the point now 
travelled in tho f a no direction as before, but at tho rate of 
3m. ISs. for Ave divisions. 

Wo shall havo to recur lo tho cotyledons of the cabbage in a 
future chapter, when wo treat of their sleep-movements. The 
circumuutation, also, of the. leaves of fid I y-dev eloped plants 
will hereafter be described. 



Fig. ii. 




Qliuuiuated from above, and the ciiciininutation of tha hyuo- 
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eotyl was observed during 2d h., as shown in Fig. 1L It moral 
in all directions ; the linos from l i^lit and to loft in the figure 
being parallel to the blades of the cotyledons. The actunl 
distance travelled from side tn side by the summit of ttio 
hypocoiyl was about '2 of an inch; but it was impossible to 
be accurate on this head, as the more obliquely the plant was 



Wo endeavoured to observe the circumuulation of the coty- 
ledons, bnt as they dose together unless kept exposed to a mode- 
rately bright light-, mid ns tin; hyjusciotyl is titri mely heliotropic, 



turnal or sleep-movements of tlie cotyle- 

(var. NiLjikin cotton) (Hal- 
f.wcso). ■ The ciroimimitation of a hypo- 
lotyi was o ':>?■. n'eil in the hoi-house, but 
Oa-t>tpium circumuu- tlio movement was so much exaggerated 

t?.ic™ on iTori™!' t,1:l ' ' t,viL ''" t' ilsSL ' 1 ' 'i'" 6 0»l Of 

tal glass, from 10.B0 view. It was, however, manifest that two 

a.m. to 9.:)o a.m. on somewhat irregular ellipses were nearly 

b^'me'nns i^f 0 « n filf * com P'^ e ^ m 9 Another seedling, 

moiit tiid iicron lHn. in height, was I lu"n observed during 
Its summit. More- 33 h.; but (lie observations were not 
i:ic[it -I ijiy.i! l: ]| l; ii] D at sufficiently short intervals, as 
™ice™ Mulling ill u- E ^ own ^ * ne ^ ew < ^°' a ra ^8- ^> anl ^ * aD 
min:it«! from above, tracing wa? rot now sufficiently enlarged. 

Nevertheless there could l>e no donbt 
about Hie rirc.mmmtati'm of Hie liypocoM, which described 
in 12h. a figure reprcsenlin;.' II. in; irn pilar ellipses of unequal 

The cotyledons are in const nut movement up and down daring 
the whole day, and as they offer the unusual case of moving 
downwards late in the cvuning and in tlio early part of the 

night, many uKer\a::"ii>s ws-rn made in: i!n in. A lila ut was 

tixrsl iilonj.' She. middle of Olio, aw! its movemi.-ui traced en a 
vertical glass; but the tracing is not given, as the hypocotyl 
was not secured, so that it was impossible to distinguish clearly 
Ivtween its movement and that of tlio cotyledon. The coty- 
ledons rose from 10.30 a.m. to about 3 p.m.; thoy then sank till 
111 l'.M., rising, Imwcver, gre.i^y in the leitrr )>a:-t. nf tho uigiii 
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The. angles above Che horizon at which the cotyledons of another 
seedling stood at different hours is recorded in the following 
short table:— 



The position of the two cotyledons was roughly sketched at 
various houii with the same general result. 

In the following summer, the hypocotyl of a fourth seedling 
was secured to n little stick, i ■ 1 a glass filament with triangles 
of paper having been fixed to one of the cotyledons, its move- 
ments were traced on a vertical gloss under a double skylight in 
the house. Tho first dot was made at 4.20 p.m. Juno 20th ; and 
thu cotyledon fell ti!i 10.10 p.m. in it nearly straight line. Just 
past midnight it was found a little lower and somewhat to one 
hide. liy the early morning, at :■>. 15. ,i a., it had risen greatly, 
hut by fi.2Q a.m. had fallen a little. During the whole of this 
day (21st) it fell in a slightly /ig/ag line, hut its normal course 
was disturbed by the want of sulli dent illumination, for during 
the night it rose only a little, and travelled irresakivly during 
the whole of the t' ilhiivitig day and night of Jane 22nd. The 
ascending and descending lines traced during the three days 
diil not coincide, so that the movement was one of circumnuta- 
tioii. This needling k;v- then taken hark to the hot-bouse, and 
after five days was inspected at 10 p.m., when the cotyledons 
Merc found hanging so nearly vertically down, that they might 
justly lie said to have been asleep. (Jn the following morning 
they had resumed their usual horizontal position. 

fjj«/is ro.-cu. (Oxiili-ieaO — I'm' liypo:-oiyl wns secured to a little 
stieli.and an ev.tr. 'let-ly thin gla-.s Cloaiait, vO'i tivo I liailglcs of 
paper, was attached to ono of the cotyledons, which was '15 inch 
in length. In this and the following species the end of tho 
petiole, where united to the blade, is developed into a pulvinus. 
Tin: ill".!* o: t In- n.tyloaoji c|. :-. .if :>i:',y ~> inr.his IViun the vi tied 
glass, so that its movement was not greatly exaggerated as loos 
as ;t remained neitrly hut i/oMlal ; hat I'i the cuiuse nf the '.lay .! 
both rose considerably above and tell lienenth a horizontal posi- 
tion, and then oi' course the movement was much exaggerated. 



Oct. 20 2.50 p.m. 
» 4.20 „ 



25 f above licriion. 

22° 

15° 





35" 

10° below horiioa. 
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In Fig. 13 its course is show 
Fig. 13. 



l 6.41 




n tlic f..f!ov 



l Juno 17th, t 



mid we h!.j 11ml during tlio 
daytime, in the course of il h. 
1-J In., il fmvd'p-i Ulrica (town 
and twice up. After 5.45 p.h. it 
moved rapidly downwards, and 
in an hour or two deix-ndcd verti- 
cally; it thus remained all night 
asleep. This position could not 
bo represented on the vertical 
Lrhwi nor in tin; ligim; here, given. 
By G.40 a.m. on the following 
morning (lath) both cotyledons 
had risen greatly, nn d tliey con- 
tinued to rise until 8 a.m., whon 
Ihey siood almost horizontally. 
Their movement was traced dur- 
ing the whole of this day and 



iug; but o 



closely similar to Fi- 13, escejit- 
iug that tho lines wero more 
zigfcag. Tho cotyledons moved 
7 times, either upwards or down- 
wards; and at about 4 p.m. tho 
great nocturnal sinking move- 
ment commenced. 
Auollitr wtilliiip ii-iiB i.i':>ci'vcd 
ig nearly 



'24 h, butw 
the hypocot 



lu .hfr, :■. 



u that 
The 



is un-r-.lv u f.'1'eiLt meiviise of one 
of the diurnnt oscillations, com- 
menced about 4 p.m. 
Oaalit Valdimuna.— This species is interesting, us the coty- 
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ledons rise perpendicularly upwards at night bo as to come into 
slose contact, instead of sinking vertically downwards, as in the 
ease of O. rosai. A glass filament was 6xed to a cotyledon, 
'17 of an inch in length, and the hypocotyl was left free. Oil 




l!ic first driy the siviILii'S was jiki-;ei:l too far from tlie vertical 
plass ; so that the tracing was enormously exaggerated and tho 
movement could not be traced whw t.lic cotyledon cither rose or 
rank much; but it was clearly seen that the cotyledons rose 
thrice and fell twice between 8.15 a m. and 4.15 p.m. Early on 
Jie following morning (June lath) the arts of a cotyhdon was 
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placed only 1J inch from the vertical glass. At 6.4D a.m. it 
stood horizontally; it then fell till 8.35, and then rose. Al- 
together in the courte of 12 h. it rose tlirice and foil thrice, as 
may be seen in Fig. 15. The great nocturnal riso of the coty- 
ledons usually commences about 4 or 5 p.m ,iind on the following 
morning they e.-ipanded or stand iinri/.-jntaKy tit aliout C.3C 
a.h. In the present instance, however, tin: great nocturnal rise 
did not commence till 7 P.m. ; but this was due to the hypocotyl 
having from snirm unknown canse temporarily bent to the left 
side, as is shown in the tracitir;. To ascertain positively that 
the hypocotyl cireumnutated, a mark was placed at 8.15 p.m. 
behind the two now closed and vertical cotyledons ; and the 
moToment of a glass filament fixed upright to tho top of the 
hypocotyl was traced until 10.10 p.m. During this time it 
moved from side to side, as well as backwards arid forwards, 
plainly showing circum nutation ; but the movement was small 
ia extent. Therefore Fig. Lj represents fairly well the move- 
ment!! of the cotyk-doi.s nlone, with tlie exi-qv: ion of the one 
great afternoon curvature to tho left, 

Oxalis eornieulata (var. cuprta). -The cotyledons rise at night 
to a variable degree above the horizon, generally about 45°: 
those on some seedlings between 2 and B days old were found 
to be in continued movement all day long ; but the movements 
wore more simple than in the last two species. Thi* may have 
partly resulted from their not being sufficiently illuminated 
whilst being observed, as was shown by their not beginning to 
rise until very late in the evening. 

Unaiis (lliophytum) tttw'tiva. — The cotyledons are highly re- 
markable from the amplitude mid :a]iidii v of their movements 
during tho day. The angles at which thoy stood above or 
beneath the horizon wore measured at short intervals of time; 
and we rejret that their ceuivc was not traced during the whole 
day. We will give only a few of the measurements, which were 
made whilst the seedlings were exposed to ti tem|*:rature of 22;° 
te2irC. One cotyledon iu.-.eT(T :n II tri. : another, on a distinct 
seedling, foil 80° in 12m. Immediately before this latter fall 
the samo cotyledon had risen from a vertically downward to a 
vertically upward position in 1 h. 48 m., and had therefore passed 
through 180° in under 2 b. Wo have met with noother instance 
or a cireuinimtating movement nl' tacit great amiilil tide as ISO- ; 
nor of such rapidity of motement as the passage through 80° in 
12 m. Ttio cotyledons of this plant sleep at night by rising 
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Fig. IS. 



vertically and coming into close contact This upward move- 
ment differs from one of the great diurnal oscillations above 
described only by tho ]>(>:=] tioii kaiig rjei'maueut during tlic night 
and by ita periodicity, as it always commences lata in the 
evening. 

JVopaoftim minus (?) (var. Tom Thumb) (Tropasoleje).— The 
cotyledons arc hypujwin, or never rise ii;njvi: the ground. By 
removing the soil a buried epicotyl 
or plnmnle was found, with its 
summit arched abruptly down- 
wards, like the arched hypocotyl 
of the cabliage previously described. 
A glass filament with a bead at 
' its end was affixed to the basal half 
or leg, just above the hypogean 
i'otykd«!iP,ivSiit:h were again almost 
surrounded by loose earth. The 
tracing (Fig. 16) sliows the course 
of the bead during 11 h. After the 
lost dot given in the figure, the 
bead moved to a great distance, 
and finally oft" tho glass, in the 
direction indicated by tho broken 
line. This great movement, due to 
increased growth along the con- 
cave surface of the arch, w 
by the basal leg bending back- 
wards from the upper port, that is 
in a direction opposite to the depen- 
dent tip, ill the same manner as 
occurred with the hypocotyl of 
the cabbage. Another buried and 
arched epicotyl was ohsorved in the some manner, excepting 
that the two legs of the arch were tied together with fine silk 
for the sake 01 prevent ing the great movcinonl just riienlioiied. 
It moved, however, in the evening in the some direction as 
before, but the line followed was not bo straight. During tho 
moreing the tied arch moved In an irregularly circular, strongly 
zigzag course, and to a greater distance than in the previous 
case, as was shown in a tracing, magnified 18 times. The move- 
ment k of a you.ng plant hearing a few leaves and of a mature 
plant, will hereafter be described. 
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Citna aurxnlium (Orange) (Aurantiacele).— The cotyledons 
are hypogean. The circunmutation of an cpicotv], which at the 
closo of our observations was T>!) of tin inch (15 mm.) in height 
above the ground, is shown in the annexed figure (Fig. 17), fts 
observed during a period of 4-1 h. 40 in. 



Citrta aarantton : driiiitisiiutatir.r. of c^u nl! ] n it fi a Manual died tram, 
vorsclj" nenr its :ijit\. trice:! »n a l:"-in>TLt;il ;lui, Iran 12.13 P.H. on 
Feb. Mth tu 3.0:1 A.M. mi ^.,,1. 'J in- ul... viim. it the ln'ii.! of tiK 
tilamcut was at firsL magtlilieii 21 times, or 1(1;, in Sgarti ■n-rr i;ivi>n, 
untl sl'terniirJa 36 times, or 13 115 ncrc given; sec J] jug itlumiiiiituil 
from abort. 

y&ciJiis /n'ppi,r!i-t<:i,t;.->< ( ! i Lp|iOr;ist;i!ii;ii!). — C.rrminiLt in^r seeds, 
were placed in a tin box, kept moist internally, with a sloping 
bank of damp argillaceous sand, on which lour smoked glass- 
pliites rested, inclined at angles of 70° and (iii 0 with the 
horizon. The tips of the radicles were piaceel so as just, lo 
touch the upper end of the glass-plate.-, and, us they grew 
downwards they pressed lightly, owing to geotropism, on the 
smoked surfaces, and left tracks of their course. In the middle 
part of each track the glass was swept clean, but the margins 
were much blurred ami irrepilur, Copied of h\e o: t!i<:sc trunks 
(all four being nearly alike) were made on tracing paper placed 
over the glass-plates aftor they bad been varnished; and they 
are as exact as pofi-IMe, cnnsiiltijine; the nature of the margiua 
(Fig. 18). They suffice to show that there was some lateral, 
ahuost serpentine movement, and that the tip3 in their down- 
ward course pressed with unequal force on the plates, as 




Fig. IT. 



t racks mado b 
fain (presently 
it almost certs 
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1 breadth. The 
radicles of Phi 
described), rendo: 
at the radicles of 



^.(Legnminww). 
lied glass-plates were ar- 
;he same manner as des- 
ir .iEscnlns.nnd the tracks 
left by tho tips of four radicles of tho 
present ph 



ingod i 



. ph. 



ied a 




Thr. 



sctly copied (Fig. 19). The) 



they 



1 regularly from s 
also pressed alter 



\r that the tips 



lines of tracki left on in- 
of radicle!, la A til.' ] hue 



th« hi 



a inclined at 70° ■ 



tcly with w „ 1 . 9i „ cll i B ] ellEt h,, B d 

greater ur ic« iiji-to mi Uie plates, -2:! inch in tlinrneter nt bnH. 
sometimes rising uimnd Ici'.vin^ \\:i-.:a 1« B the plnte was inclined 
altogether lor a Mioit .liM.i.ut, ^ wm & tri(Je 

but this was better scon on the Urgsr. 
original plates than in the copies. 

Those radicles therefore sure continually moving in all direc- 
tions—that is, thi'v eirennmiitaiwL. Tilt, distiiiice Mvcen the 
extreme right and left positions 
of tho radicle A, in its lateral , ,9 ' 

movement, iv,:s L 2 niTii., ,'J-. ascer- 
tained by measurement with an 

Vieia faba (Common Bean) 
(I.cguminosa:).— Undid*.— Some 
beams wore allowed io eyrminatc 
on liaro sand, and after one had 
protruded ite radicle to n length 
of '2 of an inch, it was turned 
uyside down, so tl.nt tin: rmlit.'k', 
which was kept in damp air, 
now stood upright A filament, 
nearly an inch in length, was 
affiled obliquely near its tip; and the movement of the 
terminal bead was traced from 8.30 .\m. to 10.30 p.m., us shown 
in Fig. IS. The radicle at first changed its eonr.-o twit* 



Phanolas multiflorui : tracts left 
on inclined smoked gliiss-plntes 
by tips of radicle* in growing 
downwards. A and C, plfltos 



08° with U 



t 60°, B Inclined st 
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firat pointing tertijally up- 
-al glii-s jiirlug 14 noun. 
3 limes, here rednoed to 

one-half of 

morning, the bend moved to a great distance in s nearly straight 
lino, in tlio direction indicated by tlie broken line in the figure. 
This resulted from the tip bending quickly downwards, as it 
had now become much declined, and had thus gained a position 
highly favourable for the action of geotropism. 

Fig. SI. 




ffcii faba: tracks left on im:!iL..H sm^l h -[:L.s-]. Intra, by tips of radielei 

„, jfrwing Jswmviir.is. i'l;.!,' !J K:H il,.m::i :,! C:.°, A :s,„l II 

it 71°, ]>Utc B at 75", an-] [.blu li at a few degrcti beneath tin 
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We next experimented on near] j a score of radicles by allowing 
them to grow downwards over inclined plates of smoked glass, 
in exactly the same manner as with .liseailus and Phaseolus. 
Some of tbe plates were inclined only a few degrees beneath 
the horizon, bnt most of them between 60° and 70". In the 
latter oases tiio rudhdes mi p-owing downwards wore deflected 
only a little from the direction which they had followed whilst 

pistes (Fig g 21). Five 'of the most distinct tracks anAere 
copied, and they are all aliiditly sinuous, showing cireumnutft- 
tion. Moreover, a close examination of almost evory one of tbo 
tracks clearly showed that the tips in their downward course 
had alternately pressed with greater or less force on the plates, 
and had sometimes risen up so as nearly to leavo them for short 
intervals. The distance between the extreme right and left 
positions of the radicle A was 0 7 mm., ascertain yd in the same 
manner as in the case of Pboseolua. 

Epia>tyl.—&A the point where the radicle had protruded from 
n bean laid on its side, u flattened solid lump projected "1 of an 
inch, in the same horinoiilal plane with the tican. Tins pvotnlwr- 



a rate that the areU Btood highly inclined after 14 h., and 
vertically in 48 h. A iilament was fixed to tho crown of 
the protuberance before any arch was visible, but the basal 
half grew so quick iy thai mi 1. 1 j* = s: iron. I muni ins; fhe end of tha 
filament was bowed greatly downwards. It was therefore re- 
moved and fixed lower down. The line traced during these nn 
days extended in the same general direction, and was in parts 
nearly straight, and in other- plainly zigzag, thus giving some 
evidciinr of e:ivun:iii;:a; Ion. 

As tho arched cpkv.lyl. in whil'-vci' posit inn it may be placed, 
bends quickly upwards tlu'oik-h apo;;e"1 ropism, and as She two 
legs tend at a very early ago to separate from ono another, as 
soon as they are relieved from tho pressure of the surrounding 
earth, it was difficult to aset Haiti positively whether the e.pieot.yl, 
whilst, remain nil; av.'iie: I . eireunuiutalcd. Therefore some rather 
deeply buried brans were u oruveiiJ , ami the two hr.s. nf the 
arches were tied together, as had been done with the epicotyl 
of Tropieolum and the hypocotyl of tho Cabbage. The move- 
ments of tho tied ni-ehes were traced in tbo usual manner on 
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two occasions during three diva. Bat tbe tracings nude under 
each unnatural conditions are not worth firing; and it need 
only be said that the lines were decidedly zigzag, and that 
small loops were occasionally formed. We may therefore con- 
clude that the epicotyl circnmnntates whilst stiil arched and 
before it has grown tail enough to break through the surface 
of the ground. 

In order to observe the movements of the epicotyl at a some- 
what more advanced age, a filament was fixed near the base of 
one which was no longer arched, for its upper half now formed 
a right angle with the lower halt This bean had germinated 
on bare damp sand, and the epicotyl began to straighten itself 
much sooner than would have occurred if it bad been properly 
planted. The course pursued during 50 h. (from 9 A-M. Deo. 
26th, to 11 A.M. 28tb) is here shown (Fig. 22); and we see 




i 



that the epicotyl cireumnutated during the whole time. Its 
basal part grew so much during the 50 h. that the filament 
at the end of our observations was attached at the height of 
■4 inch above the upper surface of the bean, instead of close 
to it. If the bean had been properly pkiitid, this part of the 
epicotyl would still have been beneath the soil. 

I_ate in the evening of the 2Bth, somo hours after the above 
obs.tr v;ii ion b were r.viinplefed, Urn ispicotyl had grown much 
st raj filter, for the upper part now formed a widely open angle 
with the lower part. A filament was fixed to the upright l,:wU 
part, higher up than l-eforn, doso lxiiicnth the lowest scale-lika 
ptooeaa or tiowologuo of a leaf; and its movement was traced 
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north-east window ; it bent very littlo towards it, as the bypo- 
cotyl which was loft free was rather old, and thorofore not highly 
heliotropic. A filament had been fixed to the midrib of one of 
the cotyledons, and the movement of the whole seedling was 
traced dur'tig two days. The circum nutation of the hypocotyl 
is quite insignificant compared with that of tho cotyledons. 
Those rise up vertically at, night and come into dose contact; so 
tli JLt they may he said to sleep. This seedling was so old tlm: a 
very small true leaf had been developed, whieb at night was 
completely hidden by tho closed cotyledons. On Sept. 21th, 
between 8 k.x. and 5 p.m., the cotyledons moved five times up 
and five times down ; they therefore described five irregular 
ellipses in the course of the 3 li. The great nocturnal rise com- 
menced about 4.3U p.m. 

On the following morning (Sept. 25th) tho movement of 
the same cotyledon was again traced in tho same manner 
during 2th.; and a copy of the tracing is here given (Fig. 25). 
Tho morning was cold, and the window had been accidentally 
left open for a short time, which must have chilled the plant ; 
ami (his prohaUy prevented it from moving finite as IV.elvas 
on tho previous day; for it rose only fonr and sank only four 
times during the day, one of the oscillations l>eing very small. 
At 7.10 a.m., when tho first dot was made, the cotyledons were 
not fully open or awake; they continued to open till about U J.M., 
by which timo they had sunk a liltle beneath the horizon : by 
U.30 a.m. they had risen, and then tlicy oscillated up and down ; 
but the upward and downward lines never quite coincided. At 
ahmt 1 ill! IMt. fie gieal no.:: -i runl nse namuenoed. Al 7 A.M. 
on the following morning (Sept. 2Gth) they occupied nearly 
the same level as on the previous morning, as shown in the 
diagram : they the:) began to open or sink in the usual manner. 
The diagram leads to tho belief that the great periodical daily 
rise and fall does not differ essentially, excepting in amplitude, 
from file oscillations dnriti;.' Hie middle of tin- day. 

Lot"* Jncvheus (I.egi.niiuo.-;e). -The eotj ledulis of this plant, 
after tho few first days of their life, rise so as fo stand almost, 
though rarely qui le. urtically at ni^ht. They continue to act In 
this manner for a long time even after the development of some 

jng five or six leaves, they rose at night about 45°. They con- 
tinued to act thus for about an additional fortnight, Subse- 
quently they renin]' tied h jrixoiitiil at night, (hough still green, 
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and at last dropped off. Their rising at night so as to eland 
almost vertically :ipj -iNtrH !t> d>*|i!'iid laivelv mi lemperiiture ; 
for when tho seedlings were kept in a (axil house, though they 
still continued to crow, the roiyl.dot.* <li:l not become vt:i-t iciil 
at night. It is remarkable that tho cotyledons do not generally 
rise at night to sin; conspicuous extent during Die first four or 
five days after germination; but the period was extremely 
variable with seedlings kept under the saine conditions; and 
numy were observed, titans, film [ii. nl s with minute triangles of 
paper wore fixed to the cotyledons (11 mm. in breadth) of two 
seedlings, only 2-th. old, and tho hypoeotjl was secured to a 
stick; their movements greatly magnified were traced, and they 
certainly C iron mini I a ted thu whole time on a small scale, but 
they did not exhibit any distinct nocturnal and diurnal move- 
ment. The hypocotyls, when left free, eireumnutated over a 
largo space. 

Another and much older seedling, bearing a half-developed 
leaf, had ils movements traced in a similar manner during the 
three first, days and ni;:lil.s of ,1 one ; but seedlings at this ago 
upjKuir to be very sensitive io a deficiency of light; thoy were 
observed under a rather dim skylight, at a temperature of 
between itj 1 to 17. J' 3 C ; and i.]<] arenth , i:i consequence of tiiese 
conditions, tiie great daily riioveitLen; of tho cot; todor.s ceased 
on the third day. Daring the first two days they began rising 
in the early afternoon in a nearly straight line, until between 
b' and 7 f.ii., "hen they stood vertically. During the latter 

part of the night, or more probably in the early morning, they 
becan to fall or open, so that by 6.45 A.tt. they stood fully 
expanded and horizontal. They continued to fall slowly for 
some time, and during the i-r^md day d'^eri I >ed a smjdo 
small eliipso, Indwell 0 A.x. and 1 I'.si., in addition lo the 
gri'al diiniial iniiveinenl. Tins Cotn>e pursued during the 
whole 24h. was far less complex than in tho foregoing case of 
Cassia. On the third morning- thoy fell very much, and then 
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rise did not coincide with that of the great diurnal fall, bo that 
narrow ellipses were described, as is the usual rule with circum- 
imtaling organs. Tb« cotyledons ace provided with a piilviims, 
and its development will hereafter he described. 

Mimosa padiea (Leguminosss).-— The cotyledons rise up verti- 
cally at night, so as to close together. Two seedlings were 
observed in the greenhouse (temp. 16° to 17° C. or ti3° to 65° F.). 
Their hypocotyls were secured io slid;*, and ^laes filaments 
bearing little h'iangles uf paper were a:li\(d the cotyledons of 
both. Their increment* were traced on a vertical glass during 
24 h. on November 13th. The pot had stood for some time in 
the same position, and tlioy were chiefly illuminated through 
the glass-roof. The cotyledons of one of these seedlings moved 
downward in the morning till 11.30 a.m., and then rose, moving 
rapidly in the evening until they stood vertically, so that in this 
ea.su there was simply a single great daily full and rise. The 
other seedling behaved rather differently, for it fell in the morn- 
ing until 11.30 a.m., and then rose, but alter li Id i.v, again full; 
ami the great evening rise (lid not begin ni:t:l 1:2-2 p.m. On tlie 
following morning this cotyledon had fallen greatly from its 
vertical position by 8.15 a.m. Two other seedlings (one seven 
ami the other eie.h! days old) lnul been previously observed 
under unfavourable cirvumsiLinees, for tiny l.ad boon brought 
into a room and placed lierui'e a north-cast window, where tlio 
temperature was between only fj(j ; ' and 07° F. They had, more- 
over, to be pro'cctid from lateral light, and ]*>rhaps were not 
sullioicnily illuminated. Under those cii-eoni^ianees the coty- 
ledons moved simply dowmvards from 7 a.m. till 2 cm., after 
which hour and during a large part of the night thoy con- 
tinued to rise. Between 7 and rj a.m. on the following morning 
they fell again; but on this second and like, wise on tho third 
day the mot-omen In became irregular, and between ii and 10.30 
p.m. they cireumrratated to a small extent about the same spot; 
but they did not rise at night. Nevertheless, on tlio following 
night they rose as usual. 

Cytisutfrtigrant (Log uminosie).— Only a few observations were 
made on this plant. The liypoooii] eireunmnla'ed to v em- 
it* o:ie direction, nil t l;t-:i iiiiir!i mute Ki.nvly bael; again in 
a zigzag course, almost parallel to the lirst line, and beyond the 
starting-point. It moved in the same direction all night, but 
next morning began to return. The cotyledons continually 
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upwards, in which position foot ropi;-iii would net at iirat with 
little power. A filament was attached near to its base, and 
projected at alxmt, an angle of 40" above the horizon. The 
general course follim-n.l during ill'? 1 1 hours of observation and 
Jurhn; the folh'.Hin;: :)i;_-li[, is shown in tin; accompanying 
diagram (Fig. 2fi), and was plainly due to ceotrapisni . imt it 
was also olear that the radicle cirenmnutated. By the next 
morning the tip had curved so much downwards that the fila- 
ment, instead of projecting at 45° above the horizon, was nearly 
horizontal. A notlifr penuina' ;ng mtiI was turned upside dou n 
and covered with damp sand; and a filament was fastened to 
the radicle so as to project at an angle of about 50" above the 
horizon ; this radicle was ;lo of an inch in length and a littlo 
curved. The course iimsiinl was mainly governed, as in the 
last case, by gcotropism, but the lino traced during 1*2 hours and 
magnified as before was more strongly zigzag, a^aiu showing 
circumnutation. 

Four radicles were allowed to grow downwards over platee 
of smoked glass, inclined at 70 ; tu the horizon, under the 



Fig. 27. R * 3B - 




same conditions as in the caseB of iEsculus, Phaseolus, and 
Vicia, Facsimiles are here given (Fig. 27) of two of theso 
tracks; and a third short one was alioost as plainly serpentine 
as thai at A. Jt was also uinnilVst hy a ::ri'a!er or less amount 
of Boot having been swept off tiie glasses, that the tips had 



Digitized by Google 



40 CIBCCMNUTATIOS OF SEEDLINGS. Chap. L 



pressed alternately with grc 



on thfi smoked surface, show 
c iron mutilated like the ms.ii 
tracks were su slight that the) 
after the smoked surface had I 
llypTMijL—L need lying 01 
two crossed wires and by its o 
dons were still enclosed with 



■oudary rootlets, \v!iii:h 

]<'tiy -crpentino tracks 
1 doubt that they had 
ary nidicle. lint the 
lie traced and copied 
hed. 

id was firmly filed by 
e. The cotyle- 
and the short 




Caaubitu epi/aro : cirem 
tion nf straight nad 
kvwitctvl, with fi 
fas!.!' i it-. I ttiiusvcrsclv ;uml"-' 
it! cent. tr;i«,l in tS:irk- 

iinia "n a luiri/cutiil gin-* 



Tiiemovi-mtnti.f tlicturmiml 
lioa.l originally raaguilietl 
slx.ut. IS times, here ouly 4J 




cotyledons and 
■f the Battened seed; and this 
imv^mcnt would aid in dragging 
hem out of the seed-coats, which 
are held down by a special strnc- 
icreafter to be described. The movement at right angles 
- above lines was due to the arched h v j.Mn-ot yl becoming 
arched as it increased in height. The foregoing observa- 
ntly to the leg of the arch next io tho cotyledons, but 
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tlic orhcr Ick adjoining the radicle iilicirist eiicumnntaled at fill 
equally early age. 

The movement of the samo hypocotyl after it had become 
straight and vortical, but with the cotyledons only partially 
expanded, is shown in Fig. 21). The course pursued during l'2h. 
apparently represents four and a half ellipses or ovals, with 
tbe longer axis of tho first at nearly right attics to thai of -.ac 
others. The longer axes of all wore oblique to a line joining 
the opposite cotyledons. TTio actual extremo distance from 
side to side over which the summit of the tall hypocotyl 
passed in the course of 12 h. was -28 of an inch. The original 
figure was traced on a large scale, and from tho obliquity of 
tho lino of viow the outer parts of tho diagram are much 
exaggerated. 

t'fiytf.-h.iti.. — On ftu occasion* (I,,. HiovnJiii'iilj; nl' liic cotyle- 
dons were I ra 1 on a vertical f-'I.e;*, and as the usee inline and 

descending lines did not quite coincide, very narrow ellipses 
were formed; they therefore circumnutatcd. Whilst young 
thoy rise vertically up at ni^ht, luit their lips always remain 
reflcxed; on tho following morning they sink down again. With 
a seedling kept in coiupiele darkness thoy moved ill tho name 
manure, for they sunk from J>.4o a.M. to -1.30 i'.M.; they then 
btjpiii tu risf.r and remained rj;-- 1 "i . ilj 1 1 li r until K) i\m., when 
thoy wore last observed. At 7 a.m. on the following morning 
they were as much expanded as at auy hour on tho previous 
day. The cotyledons of another yomiL' M.edlin^-, exposed to tbe 
light, were fully ripen fur tlic first time on a certain day, but 
were found coitiltrlc'.y eluM-i 7 i.v..fin the following iiiiii ii ina\ 
They soon liegan to expand again, and continued doing so till 
about 5 p.m. ; they then began to rise, and by 10.30 p.h. stood 
vertically and were almost close!. At 7 a.m. mi tlie third morn- 
ins they were nearly vertical, and a-ain expanded ..luring \'m 
day; on tho fourth morning they wero not closed, yet they 
opened a little in the conrse of tho day and rose a little on the 
following night. By this time a minute true leaf had become 
developed. Another Medline;, stiil o iter, N aringn weH-devoloped 
leaf, had a sharp riirid iilament affiled to one of its cotyledons 
(85 mm. in length), which recorded its own movements on 
a revolving drum whL striojti.il paper. Tbe observations were 
made in the lint-house, where tbe plant had lived, so that tbero 
wits no ebaiiL'i- in tcmpcrat live nr IjeM. Tin- rtvonl commenced 
at 11 a.m. on February 18th ; and Ci oiu tliis hour till 3 i'.m. the 
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open more and. more on each. succeeding day, and rise each 
night about 30°; consequently during the first two nights of 
liirir \ih- tli'-y slum] vi-rliciilly and 

come into contact. Fig. 30. 

In order to ascertain more ac- 
curately the nature of these move- 
ments, the hvpocotyl of a seodlwg, 
with its cotyledons well expanded, 
was secured to a little stick, and a 
iihiiiciit with triangles of paper 
was affixed to ouu of tin; rotvItdojiK. 
The observations were made nnder 
;i ratiior dim sky/ji^ld, and the 
tcuipcrature during the whole time 
was between 171° to 18° C. (03° to 
03° F.). Hud the temperature been 
higher and the light brighter, the m-w'pj 
movwiitntH would probably have 
been greater. On July 11th (see 

:;•!), t] oiyhalou full iV.uri 

7.35 a.m. till 10 a.m. j it then rose 
(rapidly after 4 p.m.) till it stood ( . M ' a . 
■pure vertii'fLlly itt ,1-1(1 r.M. i'>n t-iii^ w'J* 
the early morning of the next day 
112th) it fell, and continued to full 
till a a.m., after which hour it rose, 
then fell, and again rose,so that by 
h).'d'i i'.M. it iitoo.1 nuich iiiu'lier t Iulii 
it did in the morning, but was not 
vertical as on fho prwitJius; night. watfp 
Uuring the following early morn- " ' 
iitS and whole day (13th) it fell and Ij^narii 
circuinnutated, but had not risen tat™ c 
wln'ti observed late in Mm fivtnin^: j!!-h, 'fi' 
and ibis was probably due to the <.,iwi,u )i 
'lviit'iiiTicj- of heat or light, or of traced fi 
i»st!i. Wo thus sec that the .-oiv- !.' Ai t,: ' 



,i.l,;l; 
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m-third of original ac 



i-l.1-.ii-L 



that they rofio considerably i;ai;h iii'ghl, though not acquiring 
a vertical position, excel* during the first two nights. 

t'uaanis duduim (Cucurbitaccfo).— Two seedlings had opened 
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their cotyledons fur the first time di.iriiui the day,— one to tho 
extent of 90= and the other rather more ; they remained in 
nearly the same, position imlil 10-10 fit ; but by 7 am. on the 
following morning the one which had It-uit previously Open to 
the extent of W had its eut.s ledotis Yoitie;il anil completely 
shut ; (lies other Se.'U.oe ;n.'1 tin 'in num-ly fhut. Later in :i:o 
in'iriiiiif! they opened in the ordinary manner. It appears 
therefore that the cotyledons of this plant- close and ujion at 
somewhat different rerinds n-em llie-e .it' the foregoing sjioi-ies 
of the allied genera of Cucurhita and Lagenaria. 

Opuntia basihtrxB (Cacteffi),— A seedling was carefully ob- 
served, because considering its 
Hit. :n. »;>pear;niee and the nature of '.he 

mature plant, it seemed very un- 
likely that either tho hypocotyl or 
cotyledons would eireunuiutato to 
an appreciable extent. The coty- 
ledons were wi ll developed, Wdns; 
9 of an inch in length, '22 in 
breadth, and -15 in thickness. 
The almost cylindrical hypocotyl, 
now bearing a minute spinous bud 
on its summit, was oniy -45 of an 
inch in height, and -19 in dia- 
. motor. Tho tracing (Fig. 31) shows 
i of nypecotyl the combined movement of the 
Hlament hypocotyl and of one of tho cofcy- 
;" t ^ ledons, from 4.-15 mi. on May 28lh 
.'liiri^'"^: u'iwtiU 11 A »■ 1111 : ' [ ^ <"'n the 2!)th 

Morrnicut ufihi! tor- w nearly perfect pi] ipse was com- 

W tiL^t™^," 1 !*! t" 1,,etwl 0n tl10 mm tU ° h JP° coiTl 
"ibiriic»le. Cr s™jl!iiK i.^™ui nwivod, from some unknown cause, 
hot-house, fcubly il liiiniriuti-U in the same general direction in a 
fiamaWe. zigzag line; but between 4.30 aud 

10 P.«- almost completed a second 
small ellipse. The cotyledons move only a littlo up and down : 
thus at 10.15 p.m. they stood only 10° higher than at noon. The 
chief seat of movement tlierer.jrc, nt le;isl when the cotyledons 
are rather old oh in tlio present case, lies in tho hypocotyl. The 
ellipse distcrilied on the 29th had its louger axis directed at 
ne;.rfy right angles to a lino joining tho two cotyledons. The 
ncLinv amount of movoujont of tho bead at tho end of the 
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filament was, as far as could bo ascertained, about '14 of an 

Htlimthui animus {Compositm).— The upper part of tlw 
liyjmcoryl t:ii'Vi-i] . 1 1 : i- j 1 1 tho 
day-time in the course 
shown in the annexed figure 
(Fig. 32). As the lino runs 
in various directions, cross- 
ing itsolf several times, 
the movement may be con- 
sidered as one of circumnu- 
tntioa. The extreme actual 
distance travelled was at 
least -1 of an inch. 'Bio 
movomonts of the cotyle- 
dons of two seedlings were 
observed; one facing a north- 
east window, and the other 
so feebly illuminated from 
above as to be almost in 
darkness. They continued 
to sink till almnt noon, 
when they began to rise ; but between 5 nud 7 or 8 p.m. 
they either sank a little, or moved laterally, and then again 
l>egan to rise. At 7 a.m. on the following morning those on 
tho plant before the north-cast window had opened so little 
that thoy stood at an angle of TS° above the horizon, and were 
not observed any longer. Those on the seedling which had 
been kept in almost, roiMiilol,- darkness, sank during the whole 
day, without rising about mid-day, but rose during the night. 
On the third and fourth days they continued Kinking without 
any alternate asi-i ndiuo; movement ; anil this, no doubt, was 
dno to tho absence of light 

Primula Sinrnsix (Primtilaceni).— A seedling was placed with 
the two cotyledons parallel to a north-east window on a day 
when the light was nearly uniform, and a filament was affiled 
to one of them. From observations subsequently made on 
another seedling with tho stein secured to a stick, the greater 
part of the movement shown in the annexed figure (Fi::. 33), 
must have been that of tlui livpoooty!. tti^urh tho cotylc.di ,ns 
certainly move up and down to a certain extent both during the 
day and night. The movements of tho same seedling were traced 



Fig. 32. 




l!d;„.v:,;< ,n,„w : <!ilTl:Kinut(ltiiilI t.f 
l.y;.,:,-,;tvt. ivit.-i ;:liitr,i!]it lis,;. I at L-ia.s 
iti summit. tr;it« 1 t,n .i ii.< ,!,[:0 
tls»i ir. ■l:i:-ku.-;=, m K.15 A.M. to 
U'. i:, I'.m., mi, I fur mi hour on follow- 
ing morning. Movement nf 
niii^niMiJ ■>[ times, here reduced to 
OLe*)inlf of original scale. 
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mi the followiug diiy with nearly tha same rosult; and (here 
am bo no doubt about the circumnntation of the hypocotyL 




bi'liHT tin; first i">;vVili.n Ii:>k ln^lii'ii ilm lu'r.iuoil with its 

like Hie arched hj pocotyl or epicotyl of any ordinary dicotyle- 
donous plant. A gliiss lilimicnt w« s affixed in a cotyledon, -&5 
of an inch in hcijilit, the petiole of mIm.'Ii luid Klraigli tenet! itself 
and stood nearly vortical, but with tliu blade not as yet fully 
expanded. Its movements were traced during 24J h. on a 



Sbqirli-t ... ir ;,.■■/■. n ; circuranntiitiDE • "f*"" MrpMtM [ASCle- 
Bf h;.-|.- u.ty;, illm:,;;,;,^.! rV.„„ !»;iduil'). - Tljlu p^lllt, whfll 

above, traced on Imriinntril [;[rws, 3ii:i1 uLi 1 , ro-i']i;hli'S a eaetiiF 

from S.45i.u. Juno JiJrti i ( , S.+5 -[n.,, (Uttr.| 1 n r | hvnocntvl is 

A.SI. 28th. Temp, Z3°-24 D C. a . , , fJTOCQtyi IS 

Movcinnt of bca.1 magniliod 21 H^y. enlarged ^n tho^upper 

tary cotyledons. It break h 
through the ground in an arched form, with the rudimentary 
cotyledons closed or in contact. A filament was affiled almost 
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vertically to the hypocotyl of a seedling half an inch high ; and 
its movements were traced during 50 li. on a horizontal glass 
(Fig. 34). From some unknown cause it bowed itself to one 
side, nui as tli in wits effected by a zigzap course, it probably 
cireuiuuu titcd ; but with hardly any other seedling observed 
by us was this movement so obscurely shown. 

Ijnimsa carulr.ti vol Phatli-tm ml (GiiiivotvulncnsE). — .Seedlings 
of tin's plant were observed bceiiuse it is a twiner, the upper 
intenlodes of which cireumnulHto conspicuuiisly ; ln:(, !:!;,■ 
other twining plants, the first few iuternodes which rise above 
tho ground are stiff enough lo support themselves, and thoreforo 
do not cirenmnutate in any plainly recognisable manner.* In 
this particular insti c the fifth internode (including the hypo- 
cot, yl) was the ficM which plainly ciivnrmiutalcd and twined 
round a stick. We therefore wished to learn whether cireura- 
nutation could be observed in the hypocotyl if carefully observed 
in our usual manner. Two seedlings were kept in tho dark 
with filaments fised to the upper pur:, tif their liypocotyls; bnt 
from circumstances not worth L'.\phii:i]^ tln-ir movements were 
traced for only n short time. < 'ne moved thrice forwards und 
twice backwards in nearly opposite directions, in the course of 
3h. 15 m.; and the other twice forwards and twice backwards 
in 2 h. 22m. Tho hypocotyl therefore circunmuhitcd at a re- 
markably rapid rate. It may here bo added that a filament was 
affixed transversely to tho summit of the second intcrn.ido altove 
the cotyledons of a little plant 3J inches in height; and its 
movements were traced on a horizontal glass. Itcircnmnutated, 
and the actual distance travelled from side to side was a quarter 
of an inch, which was too small an amount to be perceived with- 
out tho aid of marks. 

Tho movements of tho cotyledons aro interesting from their 
complexity and rnpiility, and in some other respects. The 
hypocotyl (2 inches high) of a vigorous seedling was secured to a 
stick, and a filament with triangles of paper was affixed to one 
of tho cotyledons. The plant was kept all day in tho hot-houso, 
and at 4.20 p.m. (Juno 20th) was placed under a skylight in 
the house, aud observed occasionally during tho evening and 
night. It fell in a slightly zigzag line to n moderate extent 
from 4.20 p.m. till 1015 p.m. When looked at shortly after mid- 
night (12.30 p.m.) it had risen a very little, aud considerably by 



• ' Movement* and Hnbits of Climbing Plants," p. 83, 1675. 
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8.15 a .11. Wlicn again looked at, at 6.10 / 



. (21st), it h 




fallen largely. A now tracing 
was now begun (seo Fig. 35), 
and soon afterwards, at 6.42 
a.m., the cotyledon had risen a 
little. During the forenoon it 
was olisen-cd about every 
hour; liut between 12.30 and 
G r,M. every half-hour. If the 
observations hud lieeti mode at 
these short intervals during the 
whole day, the figure would 
havo been too intrieato to have 
been copied. As it was, the 
cotyledon moved tip and down 
in the course of 16 h. 20 m.(i e. 
between G.10 a.m. and 10.30 
p.m.) thirteen times. 

The cotyledons of this seed- 
ling sank downwards during 
both evenings and the early 
part of the night, but rose 
during the latter part. As this, 
is an unusual movement, the 
cotyledons of twelve other seed- 
lings nerc olserved ; tliey stood 



The 



tally :ll 



10 p 



inglo was be- 



,l :;r.°; ■ 



t 50° and one at 
oven 70° beneath the horizon. 
The blades of all these cotyle- 
dons had attained almost their 
fall size, viz, from 1 to lj inches 
r in length, measured along their 
' midribs. It is a remarkablo 



I:, If ill 



-Hint 
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rimvnwitrds in l!i<; ilvciilni;. 'i'hnvf.ir^ Hair wi-idit, wliich is 
eoMideraL'ie when nijun-l fully (i-jvelopfed, jonliiililj nun- info 
]>laj' in oi'i^mally dett-rmihhi;.; the dnv.-nwai-d movement. The 
periodicity of tliis movement is much miluetK-id l>y the decree, 
of light to which the seedlings, have been exposed during tho 
day; for three kept in an oIi.t.uic jitn.;; Ini.-an to sii.k utwit 
noon, instead of Ifite in the evening ; and those of another smi- 
ling were almost |ura':y-cd liy having 1-rcn sii;iiI:irTv ki during 
two whole days. The cotyledons of several other species rf 
Ipomcea likewise sink downwards late in the evening. 

rinlhc major (iiorasmr-ajj. The circutntiufntion of liie 
bjiiocotyl of a young seedling with the cotyledons hardly 




CiriniXe major: circti inclination of hypocotyl, with riloment fiied across iti 
summit, illuminated from above, triced do horizontal glass, from 
8.26 A.M. to Q.-M i'.M. .m Oct. liath. Jl.ivcmuj.l -.1 the tend inagmfied 
80 times, hero reduced to one-third of original scale. 

expanded, is shown in the annexed figure (Fig. 3G), which 
apparently represents four or five irregular ellipses, described 
in the course of a little- over 12 hours. Two older seedlings 
were similarly observed, excepting that ono of then! was kept 
in the dark; their iiypicntyis niso Hrfunuititated, but in a more 
simple- manner. The cotyledons on a seedling exposal to the 
light fell from the early morning until a little after noon, and 
then continued to rise until 1H.H0 r si. or later. The cotyledons 
of this samo seedling acted in tho same genera! manner during 
the two follmviiiK days. It had previously been tried in the 
dark, iiral a liar Whiz Hhih kepi for only 1 h. 40 in. I la- cotyledons 
licgan at 4.30 p.m. to sick, instead of continuing to rise till late 
at night. 



Digitized by Google 



W GIKCUaiXUTATIOX OF SKEI1LISGB. Chit. I 

No!ana prostrala (Nolanca:) — The movements wore not 
traced, hut :x pit with so^Hiim.-. whirls h.i'i luio.n kept in the 
durl; fur an hour, mis pla.'e'i under tin' sine rose ope, with the 
micrometer eye-piece h> adjusted that each division equalled 
jfoth of an inch. The apex of one or tliu cotyledons crossed 
rather ohliqucly four divisions in 13 minutes ; it was also sink- 
ilm shown by [retting nut of fonna. The seedlings were 
aniim phiewl in darkness for smuttier Imnr, mid the apex now 
crossed two divisions in 6 m. 18 s. ; that is, nt very nearly the 
same rate as before. After m mi her iiiiVrvitl jf an hour in dark- 
ness, it crossed two divisions in -1 in. 15 s., there- 
Fig. 37. f orB a t a quicker ntie. In the afternoon, after a 
ftval in the dark, the apex was motion- 
,fter a timo it recommenced moving, 
nvly; perhaps the room was too cold, 
rom previous cases, there can hardly 
t that tliia seedling was circumnuta- 

■ hi: q.ifr-.u.n (So1il;ii m) -Tlio move- 
the hypocotyls of two seedling to- 
re observed during seven hours, and 
d be no doubt that lioth circumnu- 
iey were illuminated from atiove, but 
lent a little light entoreii on one side, 
,0 accompanying figure (Fig. 37) it 
on that the liypoeotyl moved trj this 
ipper one in the figure), making small 

tin culyledons were also traced both 
ii 11 l! horizontal f'lsvs-Jf.-s ; 1 1 J e : r sliu.-Iis 
horizon were likewise measured, at 
uw. They fell from 8 30 a.m. (October 
>out noon; ttion movod liiteivilty in a 
e, and at about i v.tt. began to rise; 

" ) until 10.30 p.m.. by 
which hour they stood vertically and were asleep. 
At what hour of the. night or early morning they begun to fall 
was not ascertained. Owing to the lateral movement shortly 
after mid-day, the descending and ascending lines did not 
cohicsile, siod iiT'-pilm eilip.-''.-; "''-re licscrilu'd during each U h. 
The regular periodicity of these movements is destroyed, as «• 
shall horoafter see, if the seedlings are kept in the dark. 
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.'■nlnnn.'ri fnh'ti-iviniifim. Several a relied iiypoeotvls visits 
nearly '2 of n.o inch above tic; jrror.nd, but villi tbo cor-ylodoii 
still buried beneath the Burface, were observed, and the tracing 
showed that they cirenmnutatri. Moreover, in several cast 
little open circular si.viecs or eraoks i:i the arplku/miiH ;;a;j 
which surrounded tlio arched kypocotylB wera visible, un 
these appeared to have been niado by the hypocotyls havin 
bent first to one and then to another side whilst growing nj 
wards. In two instances the vertical arclies were observed t 
move to a considerable distai:i'<> twrlt wards from the point whet 



Ihe cotyledons from the bnried seed-coats, is due to the com- 
mencement of tin; stiai;.'!] toning of tin- iiypocolyl. In order to 
prevent this latter movement, the two legs of an arch, the 




emerging from the grminJ. with tht: hm J,-s tie.l together, t'tjiceii in 
ihirknrss un ri hnr:ii-.!i[.i] Lil..^. i'v. i:i • a.m. I 'it. 17th to 8.30 A.M. 
it'th, .MuvemcEl cjf 'liJil-i i:i..-i.:k t ,i }. : . (iinv, ; I ■ = i ; t]:,- [onti, iv'ik/'I 

was nffijeil obliquely to tin- tnovn of tliu uroh, was ofnniuu.il lEn B th. 

Bummit of which was on a level with the surface of the soil, 
wi'i-r) iifi l l(.«.;;'lliL'i' : the earl h haviiiu b-eu priiviuusly removal 
to a little depth all round. Tl e movement of 1 1 l ■ .■ arch dcriiijr 
i7 hours under these unnatural eircinuitai-.ve- is rxhibikd 
in the annexed figure. 

The cotyledons of some seedlings in the hot-house were hori- 
zontal about noon on December 13th ; and at 10 p.m. had risen * 
to an angle of above the horizon ; at 7 4.m. on the following 
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were partially open and all opened in the course of the morning ; 
hut at 10.20 p.m. all four (not to mention nine others which 
had been open in the morning and six others on another occa- 
sion) wore again completely closed. On the morning of the 
29th they were open, but at night only one of the four was 
closed, and this only partially; the three others had their 
cotyledons mnch more raised than during the day. On the 
night of the 30th the cotyledons of the tour were only slightly 
raised. 

liiciiuu Barhiiiieiisis (Euphiirbiiicea!). - Seeds were purchased 
under the above name— probably a variety of the common caator- 
oil plant. As soon as an arched liypeiMiyl kid risen clear above 
tl'.e ground, a nlament ums ;\(1ao':ie'l |<> (.lie upper ley; lieiring file 
cotyledons which were still buried beneath Ihe surface, and the 
movement of the bead was traced on a horizontal glass during 
a period of 34 h. The lines traced were strongly zigzag, and 
us the bead twice relnriied nearly |j;indk I In its former course 
in two different directions, there could bo no doubt that the 
arched hypocotyl circum nutated. At the close of the 34 h. 
the upper part began to rise and struigliloii itself, dragging the 
cotyledons out of the ground, so that the movements of the 
I ii mi 1 could tin kinder be irih.-ed on the glass. 

Querent (American np.)(Cupuliferm). — Acorns of an American 
oak which had germinated at Kow were planted in a pot in 
tho greenhouse. This transplantation checked their growth ; 

measure.! to (lie lips of |h» small ,.arl ii.llv n n lohl...! leaves oJ 
the summit, and now looked vigorous. It consisted of six 
very thin in'oniooks of iine^ia! Icuirihs, Considering these 
oirenmstam'cs and the tsattire of (be plant, wo hardlv expected 
that it would circumnutato; but the annexed figure (Fig. JO) 
shows that it did so in a conspicuous manner, changing its 

48 h. of observation. The figure seems to represent 5 or 6 



t covered up, so that the inside facing 
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Qiwcth r^itr.— Observations were made only on the move- 
ments of the rfidicl- i'tMi:i ^ iiiiiiiiiliiiL'sti-i-.rni, which were allowed 
to prow downward; in l!io maimer previously described, oyer 
plates or smoked {,'hiss, inclined at angles between 65° and W 
to the horizon. In fourcusi's l)u- tj-ncksi left were id most straight, 
hut. tlic tips hud pressed sometimes with more and sometimes 
Willi less force on the glass, as shown by Hie viirying tluekness 
of the tracks and by Utile bridges of Boot left across them. 
In the fifth ease the track was slightly serpentine, that is, the 
tip hitd moved a littlo from side to side. In the sixth case 
(Fig. 41, A) it was plainly serpentine, and the tiji had pressed 
almost equably on the glass in its whole course. In the seventh 
ease (!'■) the Lip laid moved both laterally and had pressed 
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OaiP. L QUEBCUS AND CORYLUS. 63 

alternately with unequal forco on the glues; bo that it bad 
iiKivcil ii litile in Wo ]>lii]ics ;l( right iinjjlfiis to one another. In 
the eighth and lust case (C) it bad moved very little laterally, 
but had alternately left tlie glass and come into contact with it 
a&ain. There can l>e no doubt that in the last four cases the 
ladicle of the oak circnranutiited whilst growing downwarda. 

F.g. U, 



Querela ™W.- tracks left mi inclined smoked gliss-plites by tips nf 
.-ailirtcs in eri.idsn; limmwarJs. Yl.Ati A 11 i'nclm L >J it li.V and 
pint* B st «8° tu the horizon. 

Coryhts audlana (Cory laceis).— The epieotyl hreaks through 
the ground in an arched form; but in the specimen which was 
first examined, Hie apes had become decayed, and the epieotyl 
grew to some distant'! through the soil, in a tortuous, almost 
horizontal direction, like a root In consequence of this injury 
it had emitted near the hypogean cotyledons two secondary 
shoots, and it was icinarkahk t.ln;". butlt of those were arched, 
like the normal epieotyl in ordinary cases. The soil was removed 
from around one of these arched secondary shoots, and a glass 
filament was affixed to the basal log. The wholo was kept 
damp beneath a umhii-lms with a glara lid, and was thus illumi- 
nated only from above. Owing apparently to the lateral pressure 
of the earth being removed, the terminal and bowed-down part 
of the shoot began at once to move upwards, so that after 
24 h. it formed a right angle with the lower part. This lower 
part, to which the filament was attached, also straightened 
itself, and moved a littlo backwards i 
seqtiontly a long line was traced on 
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this waa in parts straight and in parts decidedly zigmg, 
indicating eircumnutation. 

Od tho following day the othet secondary shoot was observed; 
ii woe ii iittie more iniviiiicwl in a:.".', fni' the upivr part, instead 
of depending vertical I j downwards. 
Fig. 42. stood at an angle of 45° above the 

horizon. The tip of the shoot pro- 
jected obliquely '4 of an inch above 
the ground, but by tiro elose of our 
observations, which lasted 47 1l, it 
lsiiil j" 1 ' 111 ™,'"' 1 '""?' i.iwiuiis ils iiiiwij 
to a height of -85 of an inch. Tho 
£i 1 ;i : ii i : [ ; ■„ iv;»s Ihod transversely to 
the l';is;ii and almost upright hall 
df rho shoot, close licneuth the lowest 
Bcale-like appendage. The circum- 
nutating course pursued is shown 
in the accompanying figure (Fig. 
■iii). The actual distance traversed 

from side to side was about '04 of 
an inch. 

ftntu pinaster (Coniferas). — A 
A.u. 4th. Move meet oi VO ung hypocotyl, with the tips 
tinW m of the cotyledons still enclosed 

within the seed-coats, waa at first 
only -35 of an inch in height; but tho upper part grow so 
rapidly that at tho end of our observations it was '0 in height, 

Fig. 43. 
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imil by this 1 ;:ik- iin: !', lament was altai'lu-d y.'.mK way down the 
little stem. From sume unknown cjiiiMs, Hsi iiypfK'otyl moved 
for towards the left, but tliere could be no doubt (Fig. 43) that 
it circnmnutafed. Another hypocotyl was similarly observed, 
and it likewise moved in a strongly zijr/ag line to the same side. 
This lateral movement was not caused by the attachment of 
the glass filaments, nor by the action of light; for no light was 
allowed to enter when each observation was made, except from 
vertically above. 

The bypocotyl of a seedling was secured to a little stick; it 
bore nine in appearance distinct cotyledons, arranged in a circle. 
The movements of two nearly opposite oiicn wore ohservi d. The 
tip of one was painted white, with a mark plaeed below, and the 
figure described (Fig. 44, A) shows that it made an irregular 





circle in the course of about 8 h. During the night it 
travelled to a considerable distance in the direction indicated 
by t! Hi broken line. A ;rhs« lihuuent was attiiehed lotigil:]- 
dinally to the other cotyledon, and this nearly completed 
(Fig. 44, B) an irregular circular figure in about VI hours. 
During the night it also moved to a conf.idi.Tal Jo distance, in 
the direction indicated by the broken line. The cotyledons 
therefore fiirciimiuitafe independently of the movement of the 
liypticotyl. Although they mov< il much during the night, they 
did not approach each other so as to stand more vertically than 
during the day. 



68 CJIiCL-MNUTATION OF SEEDLINGS. Chap. L 

Cfcat-ptttinafn ( Cyeadeie).— The large seeds of this plant in 
germinating iirst protrude a single leaf, which breaks through 
the ground with the petiole bowed into an arch and with the 
leaflets involute!. A leaf in this condition, which at the close 
of our observations was 21 inches in height, had its movements 
traced in a warm greenhouse by means of a glass filament 
bearing paper triangles attached across its tip. The tracing 
(Fig. 45) aiisws How large, complex, and rapid were the circum- 

Fig. <3t 



Cjmi pntinatai riremnmitBllon of ;nu leaf whilst emerging from the 
gnan^feeUr.U'uninatnl from abofe, traced ™ vertical glass, from 



nutaf jug movement 'Die extreme distance from side to side 
whiuh it liaswd over amounted to between '!> and ■? of an 

inch, 

i.'u.i.- Warsenrietii (Cainiaciw).— A seeiliing with the plu- 
mule [jrojecting one inch alxjve the gronnd was observed, but 
wil under fair conditions, as it was brought out of the hot- 
honso and kept in a room not siiftieiciitly warm. Nevertheless 
the tracing (Fig. 46) shows that it made two or three incom- 
plete irregular circles or ellipses in (lie course of 48 hours. The 
[ilu/jiale is straight ; and tliis was the first instance observed 




Cimp. L aLLIUM. 59 

by us of the port that first breaks through the ground not 
being arched. 



trades from the seed of the common onion as it cotyledon * 
breaks through the ground in tlio form of an ai*h, in the same 
manner as the hyjweoty] or qacotyl of a dicotyledonous plant. 
Long after the arch lias risen above tlie surface tho apei 
remains within the seed-coats, evidently absorbing the still 

it first protrudes from tho need anil is still haded beneath tho 
ground, is simply rounded ; lint before it reaches the surface* 

are preen), wit): the e|iul<'i;iii;; aiimna'tly nttlttr tliickrr and 
tougher than elsewhere,. We may therefore conclude that this 
conical protuberance is a e|a:<-ia] adaptation tor breaking through 
the gronnd.t and answers the same end as the knife-like white 
crest on the summit of the straight cotyledon of the Giniiiinorc. 



* This is the expression usoii 
by Suclie in his 'Text-book of 

t Hubtrlnant bos briefiy oc- 
eoribtd ('Die Sdmtzriiu ielilim- 
gen . . . Keimpflunie,' 1377, p. 77) 
this curious Blni.-turo nnii the 



purpose wliit'h it b«Ii.-itv<v. liu 

g^'ea 'bTTbtmaimZa' by Sati.n 
i i iiii, 1 Kiju'i-ai.ciitiil t'l.VM MiguN 1 
p. W. 
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almost while I nan beginning to wither, 
nntl its movements were thus traced. The 
ih-cHinnii- figure desmhed n;s!!i:ii>lfil mvlly rtnscly 
^ . ii.isal hiiif that ttbovc given; and this shows that the 
.' l '.' r j .'^ ,(^].|,lV^ 7m |,| ' : ' - h ' J:1 ' "' movement is in the lower or 

in.rizi nla] k!:iss. fr.im bas.ll pilrt of i.hl Kit-dull. 

8.15 a.h. t" 1» p.m. A*ptragus uffieiitalb (Aspamgeie).— 
!<r''b™l' m^iX' TU ll| " >: '' 1 ^<>-"{;lil pluruuleoreotyledon 
r i; ,,,.„.." (1* we do not kn-.'W which it should !xi 
caM.il) was found a; a dt;]itii of '1 inch 
litneath the .surface, mid the earth was then removed all round 
to the depth of -3 inch. A glass iihuiifsi: vms affixed ohliqilely to 
il, and the movement of the l:f-;nl. i:i:i^:iiii^.l IT limes, was traced 
in darkness. During the first 1 h. 15 ni. tha plumule moved to 
the right, and during the next two hours it returned in a roughly 
P'l.raili.l but strongly zigzag coin-so. l-'voni i.ome unknown cause 
it liad grown up through the soil in nn inclined direction, and 
now through anogeotropisiu it moved dming nearly 124 h. in 
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Hie fainp prnrral ;li nation, 1 ■ 1 1 1, iii a Mijzliily zipMp manner, 
until it. iieramr upright. On the foil. living muriiriis dianp-il 
its course com pi etely. There win therefore lmrdly I*: a riimU 
that the plumule circumnutates, whilst buried beneath the 
ground, as much as tho pressure of the surrounding earth will 
punuit. Tin; sultana of the mil in tilt' pot wns now c ivcved with 
a thin layer of very line argillaceous sand, which was kept damp; 
and after the tapering seedlings had grown a few tenths of 
an inch in height, each was found surrounded by a little open 
space or circular crack ; and this could be accounted for only hy 
their having circuinuu fated and thus pusliuii away the sand on 
all sides; for there was no yestigo of a crack in any other part. 
In order to prove that there was circumnutation, tho move- 
Fig- «■ 





,,]■[;■■ mini ,mi.-. A. .■■in.-; ]■! il 

M.;i.J a.u. Npy. .■Ii.t), i„ 7.::, a.m. nci-t 



A<parn : :iii ofTv.'.'J ll:- : iil':u 

marks pUCfli beDtflth,t 
niDVpniMit trucnl fmril I 

ni.i i r!,-,f :iii. .in timvi. K. '-I'^-i- ]>hi-inil.' ; lM i-Mii. iii il-"-.. i ■ 

10.13 A.U. tl 8.1U I'.M. No'". 'J'Jtri ; m.l^-uitk'd ii tim"- !>nt. hero mlnivri 



two of till in. In A I l-'iM- l^i ilju sc-udlius; ivus only '10 ni <i_u 
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inch in height, and consisted of a sl:il;1c ir.tcrnode bearing a 
bud on its summit. The apex described between 8.30 a.m. and 
10.iia p.m. (i.e. dnrin B nearly H hours) a figure which would 
probably have- consisted of ellipses, hal not the stem been 
drawn to one side until i imi., after which hour it moved back- 
wards. On the following iitrirniiiji it was wit far distant from 
the poi'it whence it had first started. The actual amount of 
movement of tho apox from side to side was vory small, viz. 



movement of the apex, in the line not influent*] by the light, was 
-H i.f an inch, end in that thus influenced -37 of an inch. With 
a sccdliiiji '1 inches in htii^lit it was obvious, even without the 
aid of any trncic^, that '.he uppcr.uost part of the stem bent 
cic; 'cs»ivi;lj' to nil (mints uf the compass, like tho stem of n 
twining plant. A little increase in the power of circummitating 
and in the flexibility of the stem, would convert the common 
aspuriigiis into a twining plant, as has occurred with one species 
in this genus, namely, A. .wwnrfeiw. 

P/taiuria Cmmriwis (G rami nan >. — With the Gramincio tho 
part which liv-t vi-'.s ;i,e ground hus lueti failed by sumo 

authors the pileolc; and various views have been expressed on 

lies to be a cot)ledon, which term we will use with >ut venturing 

summit The sheath is not arched when it breaks through tho 

Tho movements of three rather old seedlings, al>out 11 inch 
in height, shortly before the protrusion of the leaves, were first 
traced. They worn illuminated exu usively from above; for.ns 
will hereafkr be shown, they aro executively sensitive to the 



* We an> indebted to the Rev. this subject, together with r» 
11- nalinv iVinin ubstninr. nf the feicncea. 
Views which have been held oa 




alar and 



height, ami consisted of 
o summit. The figure, 
iai\'i:'iy represents Iwn 
.. The actual amount of 
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A seedling which In 
through the ground 
only -^tli of an in< 
Burfaco, was next ol 




o (Fig. , 



s that the apex 



Fig. 50. 



all round the seedlin 
depth in order to p] 
1.o:h;l"':i flu- ny.i-x. Tl 
moved to one aide, b: 
croui-so of the ten hours of observa- 
tion ; bo that there can lie no doubt 
about its (-iriMiristmiitiiui:. Tin' 
cause of the general movement 
inone direrth m • ir.iU.i l.;i!-'lly ln : 
attributed to tlie entrance of 
lateral light, us this was ruve.i'nliy 
L'linrddl against; and we suppose 
it ivtis in some IiiiiriiiiT '■mint I'ti'il 
with the removal of the earth 
round the little se*dling. 
Lastly, the soil in the same pot 
HiLivhcii ivitli the aid of a 
Inns, ami the white knife-like ape* 
of'awedliiig was found on nu exact 
level with that of the surrounding 

Kurfacc. The soil was removed nil round the npes to the depth 
of a quarter of an inch, the <1 i:selt' rc-m:i i 11 ii i u ruvvrvd. Tim 
pot, protected from lateral light, was placed under the micrc- 



I cliiSi-, fr'..m 11.JS7 
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30 m. 
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concluded that they wcie c-ircmmiiutin;:; but wo thought it 
fiadides.— Glass filaments were fise.l to two short radicles. 

From this latter eiiTUiustniitT ciif.mniutai.ion might have been 
iii!i:i'n;il, li.i;! :\lf:^l■ ri;.- iwomr slisriiily wjlinjixJ ufif.r tin 1 
first 2i b., though they were watered and the air kept very 
damp. Nine radicles were next arranged in the manner 
formerly descril>ed, to that in glowing downwards they left 
tracks on smoked jrlusK-jilatirs, iiiciinwl at, various angles between 
45° and 80 s beneath the horizon. Almost every one of these 
tracks offered evidence in rln:ir grtsitur or less breadth in dil- 



; it then moved 
'.ji., after which, 
ive towards the 



holiotropism, for the apex, instead of continuing to move towards 
tho window in a slightly zigzag line, reversed its course four 
times, making two email narrow ellipses. A diagrini of this ease 
will lie given in the chapter on Heliotropism. 
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A filament was neit fixed to a cotyledon only i of an inch in 
height, which win illuminated (inclusively from ill mni, and ;is 
it was kept jii ;t warm j^viiiilifuise, ii jji-cw rapidly ; and non- 
there could lis no doiilitalwutitseii-tiimnutation.fbritdeBcribed 
a figure of 8 as well as two small ellipses in 51 hours. 

NephrwtiuiH inol.tr {i'iliiasij.— *. surdling fern of this species 
caiuo up by chance in a flower- 
pot near its parent. The frond, 
as yot only slightly lobed, was 
only IB of an inch in length and 
"2 m breadth, :uid was suppnitcil 
on a mollis an fine as a hair 
and '23 of an inch in height. A 
very thin j'ia-s figment , ivliurk 
projected for a length of -36 of 
an inch, was fixed to the end of 
tlie frond. The movement was 

Nep&rvliw,*/,: drcnmmiCllM. kj , u tllat ,| m 

i,l vi'rv liiuii. ln.r.1 jii . 

darkueV on Vri.ontnl gh.*, ( 1 'S- Mj cannot be fully 

froi.i !i «h. to H. imi. Oa. iliiih, trusled; hut tire frond was 

Monmeut of bwd mugoilicd 48 constantly moving in a compl.x 

chanjred its course eighteen times in the 12 hours of observation. 
Within half en hour it often returned in a line almost piirallel 
to its former course. The greatest amount of movement occurred 

Kg- 5*. tionof this plant is interesting, liecause 

the species in (he genus Lygodium aro 
well known tijfin:i[]t][iiit;i1i.!Ciiiisps(;uoHi5ly 
and to twine round any neighbouring 

BchgiMli* Jt™««iTf?): ■ AV-iiiss-V (?) (Lyeopodiaceje). 

drcunmntatna of -A very young plant, only '4 of nn inch 
young plant, kept in j„ n. ij-ht., | N ,(I sprung up in a pot ill the 
t.l: "rii'Vui va l'**t-'i""^ A » cxti-i-iiLuly line filass tila- 
Oct. 31st. mcnt was fixed to the end of the frond- 

hire nteiii. mill the movement of the bond 
traced on a horizontal glass. It ehanged its course several 
times, as shown in Fig. 54, whilst obsi rved during 13 h. 15 m., 
and returned at night to a point not far distant from that 
whence it had started in the morning. There eau be no doubt 
Hint this little jiluut circiunnutated 



^ Digitized by Google 



Chap. II. OIECUMNUTATION Off SEEDLINGS. 67 



CHAPTER n. 

OrKEBAL CosemtiiATiONa os the Movents and Gr.anna LP 

Generality of the cirriiiwi;itiLiiri;r uiim-un-nt— liiidielen, their eiroum- 
notation of s«rvir ■ Mmim-i- i:i vilii. ii tjn-y |,i-n,-tr»1e the ground — 
Maimer in which hyp-jcotyls and other organs brink through the 

rhize., Abortion of cotvledune- Cirtumimlation of hypoeotyl* 
and epioutyls whilst still' buried und arched— Their power of 
-.traigh telling tlienmelvea— Bursting of the wed-coita-Inherited 
t-Ahr, »<IU: im-liliin i C,\ si ii in II vi.i.-.Mn JivjnhtHvIm ■ Uirciimnutii. 
iiou of bj-pouutyla ami cj.hjctj'Is when eri'ct— Wren mnutai ion of 
cotyledons— Put viiii or joints nl ™ityh'dMi3, diirutiim of their 

Sensitiveness of o .tyledone to light and mnsequont disturbance of 
their periodic inovi'iin'i>t.<- Pi-tinilivcut-ss uf colvlnlana to cotitavt 

The circum nutating movements tif the several parts 
or organs of a considerable number of needling plants 
have been described in the last chapter. A list is here 
appended of the Families, Cohorts, Sub-classes, &c.. 
to which they belong, arranged and numbered ac- 
curding to the cljii-ifiiMtinn adopted by Hooker.* 
Any one who will consider this list will see that the 

the whole vege table series excepting the lowest 
cryptogams, and the movements of some of the latter 
when mature will hereafter be described. As all the 
seedlings which wore observed, including Conifers ; 
Cycads and Ferns, which belong to the most ancient 



• As given in tho 'General System •<! Itobiny.' hy Le Mnout und 
PwsiLme, 1S73. 
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rypes amongst plants, were continually circumnu- 
tating, we may infer that this kind of movement is 
common to every seedling spuck's. 

Sub-Kimodou I.— Ttoaogaic 
Class I. — DicotVV.EI 



52. A 
70. 

75. Leguminosa. 
Hill. Cixcurliit kcb. 
109. Ctatea. 

135. Primfdacea. 
145. Asclepiadno:. 
151. CbWctiA™ 
154. Bofragwa. 



202. Euplwrbiacsai. 

211. Ctttnlifcrv. 

212. Cwj/Iuc™. 



II. PARIETALKS. 

IV. CakYOI'HYLLALBI 

VI. HULVALta. 

Vll. GKRANIAU3. 

X, Sapikdalks. 



XXIV. S0LAN-AL13. 
XXVII. CHKNOIHDIALE& 

xxxn. Eti'iioBBiAi-Ea. 



223. Cbmffa. 

224. Cycadca. 

Clnss II.- -Monocotyledons, 
2. OiniuicnB. 



XI. L 



41. 



Sud-Kisgiv))! II.— Cryptcgaraio Plants. 

.. Filial. I- FII.IOALB3. 

1. Lycopodiacae. Ditto 
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Radicles. — In all the germinating seeds observed 
by us, the first change is the protrusion of the 
radicle, which immediately U'lids downwards and 
endeavours to penetrate the ground. In order to 
effect this, it is almost necessary that the seed should 
be pressed down so as to offer some resistance, unless 
indeed the soil is extremely loose ; for otherwise the 
seed is lifted up, instead of tiie radicle penetrating 
the surface. But seeds often get covered by earth 
thrown up by burrowing quadrupeds or scratching 
birds, by the castings of earth-worms, by heaps of 
e\c:vmt'iil, the decaying branches of trees, &c, and 
will thus be pressed down; and they must often fall 
into cracks when the ground is dry, or into holes. 
Even with sut'ils lying on the bare surface, tin: first 
developed root-hairs, by becoming attached to stones 
or other objects on the surface, are able to hold down 
the upper part of tlie radicle, whilst the tip pene- 
trates the ground. Sachs has shown" how well and 
closely root-hairs adapt themselves by growth to the 
most irregular particles in the soil, and become (irmly 
attached to them. This attachment scorns to be 
effected by the softening or liquefaction of the outer 
surface of the wall of the hair and its subsequent 
consolidation, as will be on some future occasion 
more fully described. This intimate union plays an 
important part, according to Sachs, in the absorption 
of water and of the inorganic matter dissolved in it. 
The mechanical aid afforded by tho root-hairs in pene- 
trating the ground is probably only a secondary 
service. 

The tip of the radicle, as soon as it protrudes from 
the seed-coats, begins to circumnutate, and the whole 



• ' Physiologic Vcgctalc' 1808, pp. IAD, S05. 



Digitized by Google 



70 



ACTION (IF THE RADICLE. Chap. II 



growing part continues to do so, probably for aa long 
lis growth, continues. This movement of the radiclo 
has been described in ISmssicai, j-Escuhis, I'ltaseolus, 
Vicia, Cucurbita, Qnerens and Zea. The probability 
of its occurrence was inferred by Sachs," from radicles 
placed vertically upwards being acted on by geotro- 
pism (which we likewise found to bet the case), fur it 
they had remained afNiiiulclv perpendicular, tlie attrac- 
tion of gravity could not have caused them to bend to 
any one side. Cireumnutati'.ui was observed in flic above 
specified cases, cither by means of extremely fine fila- 
mentB of glass affixed to the radicles in the manner 
previously described, or by their being allowed to 
grow downwards over inclined smoked glass-plates, on 
which they left their tracks. In the latter cases the 
serpentine course (see Figs. 19, 21, 27, 41) showed 
nnequivocally that the apes had continually moved 

in extent, being in the ease of Phaseolus at most 
about 1 mm. from a medial line to both sides. But 
there was also movement in a vertical plane at right 
nmrlrs to the incline] "lass-plates. This was shown 
by the tracks often being alternately a little broader 
and narrower, due to the radicles having alternately 
pressed with greater and less force on the plates. 
Occasionally little bridges of soot were left across the 
tracks, showing that the apex had at these spots been 
lifted up. This latter fact was especially apt to occin 



* 'Ueber clos Waotistlmm dor 
Wurauln: Aibeiten ilisi bot. In- 
stitute ia Wurzburg,' Heft Hi. 
187a, p 4(10 This minn.ir. be- 




had pnsTioualy remarked {'Bui 
triigo zur Pflanzcnphysiolcgio, 
1868, p. SI) on the foe t or rail id,* 
plurert vertically upwards being 
auti-d on by (■ciitropism, and In 
explnined it by tlio supposition 
Dial their jrrewth was not equal 
on all sides. 
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when the radicle instead of travelling straight (town 
the glass made a semicircular bend ; l>ut Fig. t>2 
shows that tbiB may occur when tbe track is rectilinear. 
The apex by thus rising, was in one instance able to 
surmount a bristle cemented across an inclined glass- 
plate; but slips of wood only ^ of an inch in thickness 
always caused the radicles to bend rectangularly to 
one side, so that the apex did not rise to this small 
height iu opposition to geotrupism. 

In those cases in which radicles with attached fila- 
ments were placed so as to stand up almost vertically, 
tiii-y curved downward-; 1 1 in iiiid i the uetiun nf geotru- 
pism, eireiimiiuiiiliiiu' at the same time, and their 
courses were consequently zigzag. Sometimes, how- 
Radicles 5 closely surrounded by earth, even when 
this is thoroughly Niiaked and softened, may perhaps 
be quite prevented iVom circumnulating. Yet we 
should remember that the circuninutating sheath-like 
cotyledons of Phalaris, the hypncotyls of Solarium, 
find the e]iieoivL-i el' Asparagus formed round them- 
selves little circular cracks or furrows in a superficial 
layer of damp argillaceous sand. They were also 
able, as well as tbe hypoeotyls of Brassiea, to form 
straight furrows in damp sand, whilst circuninutating 
and bending towards a lateral light. In a. future 
chapter it will be shown that the rocking or circuni- 
nutating movement of the flower-heads of Trifolium 
ii&ierraiwum aids them in burying themselves. It is 

then-fore probable that the <-i re n oitHUution of the tip 

of the radicle aids it slightly in penetrating the 
ground ; and it may be observed iu several of the 
previously given diagrams, that the movement is 
more strongly pronounced iu radicles when they firsl 
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protrude from the seed than »t a rather laier period; 
but whether this is an accidental or an adaptive 
coincidence we do not pretend to decide. Never- 
theless, when young rudick-s of Phaseolus multifloru* 
were fixed venii-allv el use over damp sand, in t lie 
expectation that as soon as they reached it they 
would form circular furrows, this did not occur,— a 
fact which may be accounted for, as we believe, by 
the furrow being filled up as soon as formed by the 
rapid increase of thickness in the apex of the radicle. 
Whether or not a radicle, when surrounded by soft- 
ened earth, is aided iu forming a passage for itself 
by circuiu nutating, this movement can hardly fail 
to be of high importance, by guiding the radicle 
along a line of b ast resistance, as will be seen in the 
next chapter when we treat of the sensibility of the 
tip to contact. If, however, a radicle in its down- 
ward growtli breaks obliquely into any crevice, or a 
hole left by a decayed root, or one made by the 
larva of an "inseet, and more especially l.y worm's, the 
cireumnutating movement of the tip will materially 
aid it in follow ing such open passage ; and we have 
observed that roots commonly run down the old 
burrows of worms." 

When a radicle is placed in a horizontal or inclined 
position, the terminal growing part, as is well known, 
bends down towards the centre of the earth; and 
Sachs t has shown that whilst thus bending, the growth 
of the lower surface is greatly retarded, whilst that 



* fiecnlro.TW.iretiM'ii'iiBtiitf!- 
raciil* (■ Zul-.ch.ift ill. Winsett, 
&»U - Ii. xxvi ii. p. BM, 18TI) tu 
the a.tiue effect. He cues sn for 
UK tu bclii-ve tlmt ro tu urc nliln 
to ]«ht'tm(e tlie ijirmnd tu a ^rviit 
dupHi on] j by menus el ilio bui- 



W.irzljiirj;,' vi.l. i, 1878. p- 461. 
See iil.o p. S97 fir the lon^li of 
the growing pari, ami p. 451 on 
lilt.- tail of gcotropidn. 
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of the upper surface continues at the normal rate, 
or may be even somewhat increased. He has further 
shown by attaching, a thread, running over a pulley, 
to a horizontal radicle of large size, uamclv, that 
of the common bean, that it was able to pull up a 
weight of only one gramme, or 154 grains. We may 
therefore conclude that geotropism does not give a 
radicle force sufficient to penetrate the ground, but 
merely tells it (if such an expression may he used) 
which course to pursue. Before wo knew of Sachs' 
more precise observations we covered a flat surface of 
damp sand with the thinnest tin-foil which we could 
procure (-02 to 'IKS mm., or '00012 to -0007!) of an incli 
in thickness), and placed a radicle close above, in such 

wards. When tin' ■ly.r ,■;„!,<■ mil omi'.V i w'iti. :h 

polished level surface it turned at right angles and 
glided over it without leaving any impression; yet 
the tin-foil was so flexible, that a little stick of soft 
wood, pointed to the same degree as the end of the 
radicle and gently loaded with a weight of only a 
quarter of an ounce (120 grains) plainly indented the 

Kadicles are able to penetrate the ground by the 
force dun to iln'ir lungituditni! and transverse growth ; 
the seeds themselves being held down by the weight 
of the superincumbent soil. In the case of the bean 
the apex, protected by the root-cap, is sharp, and 
the growing part, from S to 10 mm. in length, is 
much more rigid, as Sachs lias proved, than the part 
immediately above, which has ceased to increase in 
length. We endeavoured to ascertain the downward 
pressure of the growing part, by placing germinating 
beans between two small metal plates, the upper one 
of which was loaded with a known weight; ami the 
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radicle was then allowed to grow into a narrow bole in 
wood, 2 or 3 tenths of an inch in depth, and closed at 
the bottom. The wood wits no cut that the short space 
of radicle between the mouth of the hole and the 
bean could not bend laterally on three sides ; but it 
was impossible to protect the fourth side, close to 
the bean. Consequently, as long as the radicle con- 
tinued to increase in length and remained straight, 
the weighted bean would be lifted up after the tip 
had reached the bottom of the shallow hole. Beans 
thus arranged, surrounded by damp sand, lifted up a 
quarter of a pound in 2i h. after the tip of the 
radicle had entered the hole. With a greater weight 
the ntdicles themselves always became bent on. the one 
unguarded side; but this probably would not have 
occurred if they had been closely surrounded on all 
sides by compact earth. There was, however, a 
possible, but not probable, source of error in these 
trials, for it was not ascertained whether the beans 
themselves go on swelling for several days after they 
have germinated, and after having been treated in 
the manner in which ours had been; 
'* 1 ^, namely, being first left for 24 h. in 
Lq j water, then allowed to germinate in 

1 J very damp air, afterwards placed over 

Smiinf of pitct .,f the hole anil almost surrounded by 

:S. ( ,r'".:;„,:.; i» « °>««i 

with n bull! We succeeded better in ascertaining 
!!!e" nfJkie *!f "a 1no H)rce exerted transversely by these 
i,. n s „w. Thkit- radicles. Two were so placed as to 
i.»rru* en<j ■ i'u* ]»-neti'ute small holes made in little 
hcii, « hroati end sticks, one of which was cut into the 
bltt'-i S. 1 ' " f shape here exactly copied (Fig. 55). 

The short end of the stick beyond 
the hole was purposely split, but not the opposite 
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end. Aa the wood was highly elastic, the split 01 
fissure closed immediately after being made. After 
sis days the stick und bean were dug out of the damp 
sand, and the radicle was found to be much enlarged 
above and beneath the hole. The fissure, which was 
at first quite closed, was now open to n width of 
4 mm. ; as soon as the radicle was extracted, it imme- 
diately closed to a width of 2 mm. The stick was 
then suspended horizontally by 
ing through the 
y fillet 

and a little saucer was sus- 
pended beneath to receive the 
weights ; and it required S lbs. 
8 ozs. to open the fissure to the 
width of 4 mm. — that is, the 
width before the root was ex- 
tracted. But the part of the 
radicle {only '1 of an inch in 
length) which was embedded in 
the hole, probably exerted a 
greater transverse strain even 
than 8 lbs. 8 ozs., lor it had split 
the solid wood for a length of 
rather more than a quarter of 
an inch (exactly -275 inch), and 
this fissure is shown in Fig. 55. ^"''".[f^ ^/"fti! 1 ' 
A second stick was tried in th-' h.^'i'-K "h i,''!,'""':",,',", 1 ^ 
same manner with almost ex- a ? d B , iach ™ d "i >th > ^""j 
actly the same result. part, through which « rndttlt 

We then followed a better ^ ' ^J^^p, 
plan. Holes were bored near 

the narrow end of two wooden clips or pincers (Fig. 50), 
kept closed by l>: spiral springs. Two radicles in damp 
wind were aliuHi'd lv> gr<nv tlirntigh these holes. The 
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pincers rested on glass-plates to lessen the friction from 
the sand. The holes were a little larger (vis;. '14 inch) 
and considerably deeper (viz. ■(> inch) than in the 
trials with the sticks ; so that a greater length of a 
rather thicker radicle exerted a transverse strain. 
After 1!! days they were taken up. The distance of 
two dots (see the ligure) on the longer ends of the 
pincers was now earel'iiily measnrcl ; the radicles were 
then extracted from the holes, and the pincers of 
course closed. They were then suspended horizontally 
in the same manner as were the bits of sticks, and a 
wc.-iylit lit' 1500 grains (i>r '■> lbs. 4 um.) was necessary 
with one of the pincers to open them to the same 
extent as had been effected by the transverse growth 
of the radicle. As soon as this radicle had slightly 
opened the pincers, it had grown into a flattened form 
and had escaped a little beyond the hole ; its diameter 
in one direction being 4/2 mm., and at right angles 
3'5 mm. If (his escape and flattening could have; 
been prevented, tlio radicle would probably have 
exerted a greater strain than the 3 lbs. 4 ozs. With 
the other pincers the radicle escaped still further 
out of the hole; and the weight required to open 
them to the same extent as had been effected by the 
radicle, was only 600 grams. 

With these facts before us, there seems little diffi- 
culty in understanding how a radicle penetrates the 
ground. The apex is pointed and is protected by 
the root-cap; the terminal growing part is rigid, and 
increases in length with a force equal, as far as our 
observations ran be trusted, lo (lie pressure itf at least 
a quarter of a pound, probably with a mil Hi greater 
force when prevented from bending to any side by the 
surrounding earth. Whilst thus increasing in length 
it increases in thickness, pushing away the damp 
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earth on all sides, with a force of above 8 pounds in 
one case, of 3 puun'ls in another uii.se. It wan impos- 
sible to decide whether ihe actual apex exerts, leliitiwly 
to its diameter, the same transverse strain as the parts 
a little higher up ; but there seems no reason to doubt 
that this would be the case. The growing part there- 
fore does not act like a nail when hammered into a 
board, but more like a wedge of wood, which whilst 
slowly driven into a crevico continually expands at 
the same time by the absorption of water ; and a 
wedge thus ucting will split even a mass of rock. 

Manner in which Hi/poco/i/ln, Kpicniyh, , riv. up 
and break through the ground.— After the radicle has 
penetrated the ground and fixed the seed, the hypo- 
cotyls of all the dicotyledonous seedlings observed by 
uk, which lift their cotyledons above the surface, break 
through tho ground in the form of an arch. When 
the cotyledons are hypogean, that is, remain buried in 
the soil, the hypoeotyl is hardly developed, and the 
eptcotyl or plumule rises in like manner as an arch 
through the ground. In all, or at least in most of such 
cases, the downwardly bent apex remains for a tirao 
enclosed within the seed-coats. With Corylus avel- 
lena the cotyledons are hypogean, and the epicotyl 
is arched; but in the particular case described in 
the last chapter its apex had been injured, and it 
grew laterally through the soil like a root; and in 
consequence of this it hall emitted two secondary 
shoots, which likewise broke through the ground as 
arches. 

Cyclamen does not produce any distinct stem, and 
only it single cotyledon appears at Grst;* its petiole 



• ThidistbeconHuBionamvcd rnnsi.lcml liy ntW b>lnn'sls sis 



■t by Dr. H. Gtcsbncr (-Hot. 
Zeihins.' 187-1, p. S37), whu 
maintains that mutt litis been 
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'ugh the ground 



arch (Fig. 57). 



Abronia also 1ms onlya single fully 
developed cotyledon, but in thia 
ease it is the hypocotyl which first 
emerges and is arched. Abronia 
umbellata, however, presents this 
peculiarity, that the enfolded blade 
of the one developed cotyledon 
(with the enclosed endosperm) 
whilst still beneath the surface has 
its apex upturned and parallel to 
] the descending leg of the arched 
petioln boginDing to hypocotyl ; but it is dragged 

:;;!"•!' »»» ° f "» s»»»d h, «,« »„. 

intosomiijr.sttoDd- tinued growth of the hypocotyl, 

.iij n Ma. w j tu t ]j e a p ej( j (p i nt j M ^ d ownwar( J 

With Cycas pectinata the cotyledons are hypogean, 
Fie 5 ^ and a true leaf first breaks 

through the ground with 
its petiole forming an 
arch. 

In the genus Acanthus 
the cotyledons arc likewise 
hypogean. In A. mollis, 
a single leaf first breaks 
through the ground with 
its petiole arched, and with 
the opposite leaf much less 
developed, short, straight, 
of a yellowish colour, and 
with the petiole at first not 
half as thick as that of the 
other. The undeveloped 
leaf is protected by stand- 
ing beneath its arched fel- 
low; and it is an instnic- 
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tive fact that it is not arched, as it has not to force 
for itself a passage through the ground. Jn the accom- 
panying sketch (Fig. 58) the petiole of the first leaf 
litis already partially straightened itself, mill the blade 
is beginning to unfold. The small second leaf ulti- 
mately grows to an equal size with the first, hut this 
process is effected at very different rates in different 
individuals: in one instance the second leaf did not 
appear fully above the ground until six weeks after tho 
first leaf. As the leaves in the wholo family of the 
Acanlhacea; stand either opposite one another or in 
whorls, anil as these tire of equal size, the great, in- 
equality between the first two leaves is a singular faet. 
We can see how this inequality of development and 
the arching of the petiole could have been gradually 
acquired, if they were beneficial to the seedlings by 
favouring their emergence ; for with A. candelabrum, 
Bpinosus, and latifolius there was great variability in the 
inequality between the two first leaves and in the 
arching of their petioles. In one seedling of A. can- 
delabrum the first leaf was arched and nine times as 
long as the second, which hitter consisted of a mere 
little, yellowish-white, straight, hairy style. In other 
seedlings the difference in length between the two 
leaves was as 3 to 2, or as 4 to 3, or as only -76 to 
-(12 inch. In these latter cases tho first and taller leaf 
was not properly arched. Lastly, in another seedling 
there was not the least difference in size between the 
two first leaves, and both of them ho/1 their petioles 
straight; their lamina! wero enfolded and pressed 
against each other, forming a lance or wedge, by 
which means they had broken through the ground. 
Therefore in different individuals of this same species 
of Acanthus the first pair of leaves breaks through 
the ground by two widely different methods ; and if 
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either had proved decidedly advantageous or disad- 
vantageous, one of them no doubt would soon have 
prevailed. 

Asa Gray has described * the peculiar manner of ger- 
mination of throe widely different plants, in which the 
hypocoty! IS hardly at all developed. These were there- 
fore observed by us m relation to our present subject. 

Delphinium nwlicaule. — The elongated petioles of 
the two cotyledons are con H nen t (as are sometimes 
their blades at the base), and they break through the 
ground as an areh. They thus resemble in a most 
deceptive manner a hypocoty 1. At first they are 



chamber, within which the young leaves are developed 
without any prominent plumule. Externally root- 
hairs are formed on the confluent petioles, either a 
little above, or on a level with, the plumule. The 
first leaf at an early period of its grow th and whilst 
within the chamber is quite straight, but the petiole 
m»m becomes arched; and the swelling of this part 
fund probably of the blade) splits open one side of 
the chamber, and the leaf then emerges. The slit 
wiis found in one case to be 3'2 mm. in length, and 
it in seated on the line of confluence of the two 
piitioles. The leaf -when it first escapes from the 
chamber is buried beneath the ground, and now an 
ripper part of the petiole near the blade becomes 
tif.lied in the usual manner. The second leaf comes 
'"ft of the slit either straight or somewhat arched, but 
ttfUirwarda the upper part of the petiole, — certainly in 
w,iMt, and we believe in all cases, — arches itself whilst 
tricing a paisiigc through the soil. 




id the basal 
to a hollow 
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MegarrMza CaUforniea. — The cotyledons of this 
Gourd never free themselves from the seed-eoata and 
are hypogeam Their petioles are completely con- 
fluent, forming a tube which terminates downwards 
in n little solid j>:>inl. ensiling of :i minute radicle 
and hypocotyl, with the likewise minute plumulo 
enclosed within the base of the tube. This structure 
was "(-II exhibited in an abnormal specimen, in whiuh 
one of the two cotyledons failed to produce a petioh?, 
whilst the other produced one consisting of an open 
semicylinder ending in a sharp point, formed of the 
ptirts just desi-iil>L-d. As suon us the csmllueiit 
petioles protrude from the seed they bend down, as 
they are str<in»'ly a-eotvupie, ami penetrate the ground. 
Tim seed itself retains it ^ original position, either 
on the surface or buried at some depth, as the case 
may be. If, however, the point of the confluent 
petioles meets with some obstacle in the soil, as 
appears to have occurred with the seedlings described 
and figured by Asa Gray," the cotyledons arc lifted 
up above the ground. The petioles are clothed with 
root-hairs like those on a true radicle, and they 
likewise resemble radicles in becoming brown when 
immersed in a solution of permanganate of potassium. 
Our seeds were subjected to a high temperature, and 
in the course of three or four days the petioles pene- 
trated the soil perpendicularly to a depth of from 
2 to 2£ inches ; and not until then did the true 
radicle begin to grow. In one specimen which was 
closely observed, the petioles in 7 days after their 
first protrusion attained a length of 2h inches, and the 
radicle by this time had also become well developed. 
The plumule, still enclosed within the tube, was now 
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■ii inch in length, and was quite straight : but from 
having increased in thickr.ess it had just begun to 
aplit open the lower part of the petioles on one aide, 
along the line of their confluence. By the following 
morning the upper part of the plumule had arched 
itself into u right angle, and the 
convex side or elbow hurl thus been 
forced out through lhe slit. Here 
then the arching of the plumule 
plaj ■ 



Fig. 58, A. 




the petit, 
the plun 
tip bee* 

the e,mr 



of Ihe He 



e.d t 



the 
nd in 



through the inches of superin- 
cumbent soil, Btill retaining its 
arched form. After reaching the 
aurface it straightened itself in the 
usual manner. In the accompany- 
ing figure (Fig. 58, A) we have a 
sketch of a aeedling in this ad- 
vanced state of development; the 
surface of the ground being re- 

: presented by the line G G. 

The germination of the seeds in 
.' their native ( 'alifovnia;] home pro- 
' ceeds in a rather different manner, 
■ as we infer from an interesting 
letter from Mr. lUttaii, sent to us 
'■ by Prof. Asa Gray. The petioles 
protrude from the seeds soon after 
s, and penetrate tho ground, generally 
in a vertical direction, to a depth of from 4 to even 
6 inches. They were found in this state by Mr. 
Rattan during the Christmas vacation, with tho plu- 
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mules still enclosed within the tiil.ir>s ; and he remarks 
that if the plumules had been at once developed and 
had reached the surface (as occurred with our Beeds 
which were exposed to a high temperature), they 
would surely have been killed by the frost. As it is 
they He dormant at some depth beneath the surface, 
and are thus protected from the cold ; and the root- 
hairs on the petioles would supply them with sufficient 
moisture. "We shall hereafter see that many seedlings 
are protected from frost, but by a widely different 
process, namely, by being drawn beneath, the surface 
by the contraction of their radicles. We may, how- 
ever, believe that the extrnordiiiiiry manner of germi- 
nation of Megarrhiza has another and secondary 
advantage. Tin; nultdu begins in a few weeks to 
enlarge into a little tuber, which then abounds with 
starch and is only slightly bitter. Jt would therefore 
be very liable to be devoured by animals, were it not 
protected by being buried whilst young and tender, at a 
depth of some inches beneath the surface. Ultimately 
it grows to a huge size. 

fyomtxa If.ptojphylla. — In most of the species of this 
genus the bypoeotyl is well developed, and breaks 
through the ground as an arch. But the seeds of the 
present species in germinating behave like those of 
Megarrhiza, excepting that the elongated petioles of 
the cotyledons are not confluent. After they have 
protruded from the seed, they are united at their 
lower ends with the undovelo]>ed hypocotyl and un- 
developed radicle, which together form a point only 
about -1 inch in length. They are at first highly 
geotropic, and penetrate the ground to a depth of 
rather above half an inch. The radicle then begins 
to grow. On four occasions after the petioles had 
grown for a short distance vertically downwards, thev 
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were placed in a horizontal position in damp air in the 
dark, and in the course of 4 hours they again became 
curved vertically downwards, having passed tlirough 
yu° in this time. But their sensitiveness to geotropism 
lasts for only 2 or 3 days; and the terminal part 
alone, for a length of between "2 and -4 inch, is tlms 
sensitive. Although tlic petioles of our specimens 
did not penetrate the ground to a greater depth than 



fore grows vertically upwards, excepting a short 
portion close to the blades, which at an early period 
bends downwards and becomes arched, and thus 
breaks through the ground. Afterwards this portion 
straightens itself, and the cotylednns then free them- 
selves from the seed-coats. Thus we here have in 
different parts of the same organ widely different kinds 
of movement and of sensitiveness; for the basal part 
is geotropic, (lie upper part apogeolropie, and a portion 
near (he blades temporarily and sjKintaneously arches 
lUtdf. The plumule is not developed for some little 
time; and as it rises between the bases of the parallel 
and closely approximate petioles of the cotyledons, 
which in breaking through the ground have formed an 
almost open passage, it dues not require to be arched and 
is ronseipieiitly always straight Whether the plumule 

r ains buried and dormant for a time in its native 

try, and is thus protected from the cold of winter, 

\v,i do not know, The radicle, like that of the. Megar- 
r\\\m, urowH into a tuber-like mass, which ultimately 
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the root-like nature of the petioles. The radicle of a 
seedling was cut off, lis it was completely decayed, 
nnd the two now separated cotyledons were planted. 
They emitted roots from their bases, and continued 
green and healthy for two months. The blades of 
both then withered, and on removing the earth the 
buses of the petioles (instead of the radicle) were 
found enlarged into little tubers. Whether these 
would have had the power of producing two in- 
dependent plants in the following summer, we do not 
know. 

In Quercus virens, according to Dr. Engelmann,* 
loth the cotyledons and their petioles are confluent. 
The latter grow to a length " of an inch or even 
more;" and, if we understand rightly, penetrate the 
ground, so that they must be gcotmpic. The nutri- 
ment within the cotyledons is then quickly transferred 
to the hypocotyl or radicle, which thus becomes 
developed into a fusiform tuber. The fact ot 
tubers being formed by the foregoing three widely 
distinct plants, makes us believe that their protection 
from animals at an early age and whilst tender, is one 
at least of the adv-Eintages gained by the remark- 
able elongation of the petioles of the cotyledons, 
together with their power of penetrating the ground 
like roots under the guidance of geotropism. 

The following cases may be here given, as they bear 
on our present subject, though not relating to seed- 
lings. The flower-stem of the parasitic Laihrtea 
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stem of the paiMsitie iiiitl leafless Monolropa hypopitija. 
With Hdleborus niger, the flower-stems, which rise up 
independently oi' the leaves, likewise break through 
the ground as arches. This is also the case with the 
greatly elongated nnwor-stcms, as well as with the 
petioles of EjiiiiH',Irnm piniuttum. So It is with the 
petioles of liiuiuiieuluH jicar/a, when they liave to break 
through the ground, but when they arise from the 
summit of tho bulb above grmnul, they are from tho 
first quite straight ; and this is a fact which deserves 
notice. The rachis of the bracken fern (I'lvns aqui- 
Ima), and of some, probably nuutv, other ferns, like- 
wise rises above ground under the form of an arch. 
No doubt other analogous instances could be found by 
careful search. In all ordinary eases of bulbs, rhizomes, 
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root-stocks, &c, buried beneath the ground, tbe surfuce 
is broken by a cone formed by the young imbricated 
loaves, the combined growth of which gives fhem force 
sufficient for the purpose. 

With germ in a. ting monocotyledonous seeds, of 
which, however, we did not observe a large number, 
the plumules, for instance, those of Asparagus and 
Giinnii, arc straight whilst breaking (hrough the ground. 
With the Graminepe, the sheath-like cotyledons are 
likewise straight ; they, however, terminate in a sharp 
crest, which is white and somewhat indurated ; and this 
structure obviously facilitates their emergence from 
the soil : the first true leaves escapo from the sheath 
through a slit beneath the chisel-like apex and at 
right angles to it. In the case of the onion (Allium 
cepa) we again meet with ait arch ; the leaf-like coty- 
ledon being abruptly bowed, when it breaks through 
the ground, with the apes still enclosed within the 
seed-coats. The crown of the arch, as previously 
described, is developed into a white conical pro- 
tuberance, which we may safely believe to be a 
special adaptation for this office. 

The fact of so many organs of different kinds — 
hypoeotyls and epicotyls, the petioles of some coty- 
ledons and of some first leaves, the cotyledons of 
the onion, the rachis of some ferns, and some flower- 
stems — being all arched whilst they break through 
the ground, shows how just are Dr. Haberiandt's * 
remarks on the importance of the arch io seedling 
plants. Ho attributes its chief importance to the 
upper, young, and more tender parts of the hypocotyl 
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or epicotyl, being thus saved from abrasion and 
pressure whilst breaking through the ground. But 
we think that some importance may be attributed to 
the increased force gained by the hypocotyl, epicotyl, 
or other organ by being at first arched ; for both legs of 
the arch increase in length, and both have points of 
resistance as long as the tip remains enclosed within 
the seed-coats; and thus the crown of the arch ia 
pushed up through the earth with twice as much force 
as that which u straight hypocotyl, &c, could exert. 
As soon, however, as the upper end has freed itself, 
all the work has to be done by the basal leg. In 
the case of the epicotyl of the common bean, the 
basal leg (the apex havim? freed itself from the seed- 
coats) grew upwards with a force sufficient to lift a 
thin plate of zinc, loaded w ith 12 ounces. Two more 
ounces were added, and the 14 ounces were lifted up 
to a very little height, and then the epicotyl yielded 
and bent to one side. 

With respect to the primary cause of the arching 
process, we hmir thought in the ca.se. of many seedlings 
that this might bo attributed to the manner in which 
the hypocotyl or epicotyl was packed and curved 
within the seed-coats ; and that the arched shape thus 
acquired was merely rediined until i lie parts in question 
reached the surface of the ground. But it is doubtful 
whether this is the whole of the truth in any case. 
For instance, with the common bean, the epicotyl or 
plumule is bowed into an arch whilst breaking through 
the seed-coats, as shown in Fig. 59 (p. 92). The 
plumule first protrudes as a solid knob {e in A), which 
after twenty-four hours' growth is seen (e in B) to be 
the crown of an arch. Nevertheless, with several 
beans which germinated in damp air, and hud other- 
wise been treated in an unnatural manner, little 
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plumules were developed in the axils of the petioles 
of both cotyledons, and these were as perfectly arched 
as the normal plumule ; yet they had not been sub- 
jected to any confinement or pressure, for the seed- 
coats were completely ruptured, and they grew in tho 
open air. This proves that the plumule has an innate 
or spontaneous tendency to arch itself. 

In some other eases tin.- hypueotyl or epieotyl pro- 
trudes from the seed at first only slightly bowed ; but 
the bowing afterwards increases independently of any 
constraint. The arch is thus made narrow, with the 
two legs, which are sometimes much elongated, parallel 
and close together, and thus it becomes well fitted 
for breaking through the ground. 

With many kinds of plants, the radicle, whilst still 
enclosci] with in the seed and likewise Eii'ler its first pro- 
trusion, lies in a straight 1 tne with the future hypocotyl 
and with the longitudinal axis of the cotyledons. This 
is the case with Cucurbita ovifera; nevertheless, in 
whatever position tho si-oils were buried, the hypocotyl 
always came up arched in one particular direction. 
Seeds were planted in Friable peat at a depth of about 
an inch in a vertical position, with the end from which 
the radicle protrudes downwards. Therefore all tho 
parts occupied the same relative positions which 
they would ultimately hold after the seedlings had 
risen clear above the surface. Notwithstanding this 
fact, the hypocotyl arched itself; and as tho arch 
grew upwards through the peat, the buried seeds were 
turned cither upside down, or were laid horizontally, 
being afterwards dragged above the ground. Ulti- 
mately the hypocotyl straightened itself in the usual 
manner ; and now after till these movements the 
several parts occupied the same position relatively to 
one another and to the centre of the earth, which they 
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had done when the seoda wore first buried, .lint, it may 
be argued in this and other such cases that, as the 
hypoeotyl grows up through tho soil, the seed will 
almost certainly be tilted to one side ; and then 
from the resistance which it must offer during its 
further elevation, the upper part of the hypoeotyl will 
be doubled down and thus become arched. This view 
seems the more probable, because with Ranunculus 
ftraria only the petioles of the leaves which forced 
a passage through the earth were arched ; and not 
those which arose from the summits of the bulbs above 
the ground. Nevertheless, this explanation does not 
apply to the Cucurbita, for when germinating seeds 
were suspended ia damp air in various positions by 
pins passing through the cotyledons, fixed to the 
inside of the lids of jars, in which case the hypo- 
cotyls were not subjected to any friction or constraint, 
yet the upper part became spontaneously arched. 
This fact, moreover, proves that it is not the weight 
of the cotyledons which causes the arching. Seedc 
of miianthus annvais and of two species of Ipomtea 
(those of I. bona nox being for the genus laTge 
and heavy) were pinned in the samo manner, 
and the hypocotyls became spontaneously arched ; 
the radicles, which had been vertically dependent, 
assumed in consequence a horizontal position. In 
the case of Ipomosa leplophyUa it is the petioles of the 
cotyledons which become arched whilst rising through 
tho ground; and this occurred spontaneously when 
the seeds were fixed to the lids of jars. 

It may, however, be suggested with some degree of 
probability that the arching was aboriginally caused 
by mechanical compulsion, owing to the confinement 
of the parts in question within the seed-coats, or to 
friction whilst they were being dragged upwards. But 
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if this is so, we must admit from the cases just given, 
that a tendency in the upper part of the several 
specified organs to bend downwards and thus to be- 
come arched, has now become with many plants firmly- 
inherited. The arching, to whatever cause it may be- 
due, is the result of modified c i re um nutation, through 
increased growth along (lie convex side of the part; 
such growth being only temporary, for (he part always 
straightens itself subsequently by increased growth 
along the concave side, as will hereafter be described. 

It is a curious fact that the hypocotyls of some 
plants, which are but little developed and which 
never raise their cotyledons above the ground, never- 
theless inherit a slight tendency to arch themselves, 
although this movement is not of the least use to 
them. We refer to a movement observed by Sachs 
in the hypocotyls id' the bean and some other Legumi- 
noste, and which is shown in the accompanying figure 
(Fig. 59), copied from his Essay* The hypocotyl 
and radicle at first grow perpendicularly downwards, 
as at A, and then bend, often in the course of 21 hours, 
into the position shown at B. As we shall here- 
after often have to recur to this movement, we will, for 
brevity sake, call it " Sachs' curvature." At first sight 
it might l)e thought that the altered position of the 
radicle in B was wholly duo to the outgrowth of the 
epicotyl (e), the petiole (p) serving as a hinge ; and 
it is probable that this is partly the cause ; but the 
hypocotyl and upper part of the radicle themselves 
become slightly curved. 

The above movement in the bean was repeatedly 
seen by us ; but our observations were made chiefly on 
Phaseolus mvltiflortt£ s the cotyledons of which are like- 
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wise hypogean. Some seedlings with well-developed 
radicles were first immersed in 11 solution of perman- 
ganate of potassium; and, judging from the changes 
of colour (though these wove not very clearly defined), 
the hypocotyl is about '3 inch in length. Straight, 
thin, black lines of thiB length were now drawn from 
the bases of the short petioles along the hypocotyls 
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of 23 gemiiiiaiirijz siit-ls. whinh ivito pinned to the 
lids of jars, generally with the hilum downwards, and 
with their radicles pointing to the centre of the 
earth. After an interval of from 24 to 48 hours the 
black lines on the hypocotyls of 16 out of the 23 
seedlings became distinctly curved, but in very 
various ih.*giL't'S (namely, with radii between 20 and 
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80 mm. on Sachs' cyclometer) in tiie same relative 
direction as shown at B in Fig. 59. As geotropism 

seeds were allowed to germinate with proper pre- 
cautions for their growth in a klinostat," by which 
means gout ropism was eliminated. The position of the 
hypocotyls was observed during four successive days, 
and they continued to bend towards the hilum and 
lower surface of the seed. On the fourth day they 
were deflected by an average angle of (iS 3 from a lino 
perpendicular to the lower surface, and were therefore 
considerably more curved than the hypocotyl and 
radicle in the beau at B (Fig. 59), though in the same 
relative direction. 

It will, wc presume, he admitted that all leguminous 
plants with hypogean cotyledons are descended from 
forms which once raised their cotyledons above the 
ground in the ordinary manner; and in doing so, it is 
certain that their hypocotyls would have been abruptly 
arched, as in the case of every other dicotyledonous 
plant. This is especially clear in the case of Phaseolus, 
for out of five species, the seedlings of which we 
observed, namely, P. multijlorus, caracalla, vulgaris, 
llerwindisii and Itoxhiirtiltii (inhabitants of the Old 
and New Worlds), the three last-named species have 
well-developed hypocotyls which break through the 
ground as arches. Now, if we imagine a seedling of 
the common bean or of P. muUiflorus, to behave as its 
progenitors once did, the hypocotyl (A, Fig. 59), in 
whatever position the seed may have been buried, 
would become so much arched that the tipper part 
would be doubled down parallel to the lower part ; and 

ilonly rcvolviiig horizontal mis. Arboiuju,' 1H7U, [i, 2..U. * 
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this is exactly the kind of curvature which actually 
occurs in these two plants, though to a much less 
degree. Therefore we can hardly doubt that their 
short hypocotyls have retained by inheritance a ten- 
dency to curve themselves in the same manner as they 
did at, a former period, when this movement was highly 
important to them for breaking through the ground, 
though now rendered useless by the cotyledons being 
hypogean. Rudimentary structures are in most cases 
highly variable, and n't- might e_\]iuet. thai rudimentary 
or obsolete actions would be equally so; and Sachs' 
curvature varies extremely in amount, and sometimes 
altogether fails. This is the sole instance known to 
us of the inheritance, though in a feeble degree, of 
movements which have become superfluous from 
changes which the species has undergone. 

Rudimentary Cotyledons.— A. few remarks on this 
subject may be here interpolated. It is well known 
that some dicotyle- 
donous plants produce 
only a single cotyle- 
don ; for instance, cer- 
tain species of lianun- 
culus, Oorydalis, CbtB- 
rophyllum ; and we 
will here endeavour to 
show that the loss of 
one or both cotyle- 
dons is apparently duo 

fSb-ia wmtixmt two youn? wdtliiig's: to a Store of nutri- 

.1-.,.: Mlii-k.^ikv, :y\: ..-;,!:,[,. ment being hud up in 

1.1 i n, ,|„u.(yl u -till ardwJ, iu u it sume „t]ier part, as in 
the hypocotyl or one 

of the two cotyledons, or one of the secondary radicles. 
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With the orange? {Citrus avrantium) the cotyledons are 
hypogean, and one is laTger than the other, as may 
be seen in A (Fig. 60). In B the inequality is rather 
greater, and the stem has grown between the points 
of insertion of the two petioles, so that they do not 
stand opposite to one another; in another case the 
separation amounted to one-fifth of an inch. Tho 
smaller cotyledon of one seedling g] 
was extremely tiiin, and not half ' S * 
the length of the larger one, so that 
it was clearly becoming rudimen- ^C^^^ 
tary." In all these seedlings the )\ 
liypocotyl was enlarged or swollen. I 

With Abronia mnbellata one of j\ 
the cotyledons is quite rudimen- /fv^ 
tary, as may be seen (c') in Fig. 61. aj[ 
In this specimen it consisted of a \\ 
little green flap, ^th inch in A.* 
length, destitute of a petiole and ' \ 
covered with glands like those on J 
the fully developed cotyledon (c). \ 
At first it stood opposite to the Ab,-<,w wnbeUata: 
larger cotyledon ; but as the petiole i>»s"vio. tintnnii 
of the latter increased in length ™™t»ry c °°yi«fiin- k, 
and grew in the same line with tvi'ti^ts 1 * ly,,oc ''!^' 
the liypocotyl (A), the rudiment ti™(/.') Tt the"™** 
appeared in older seedlings as if End : r ' 1 " llille - 
seated some way down the hypocotyl. With Abronia 
areiiaria there is a similar rudiment, which in one 
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specimen was only -p^th and in another ^th inch in 
length; it ultimately appeared as if seated halfway 
down the hypoootyl. In both these species the hypo- 
cotyl is so much enlarged, especially at a very early 
age, that it might almost be called a conn. The lower 
end forms a heel or projection, the use of which will 



In Cyclamen Perstcim the hypocoty], even whilst still 
within the seed, is enlarged into a regular cunn,* and 
only a single cotyledon is at first developed (see former 
Fig. 57.) With Banunculus ficaria two cotyledons are 
never produced, and here one of I he secondary radicles 
is developed at an early ago into a so-called bulb.t 
Again, certain species of Chierophyllum and Corydalis 
produce only a single cot)ledon;J in the former tho 
hypocotyl, and in the latter tho radicle is enlarged, 
according to Innisch, into a bulb. 

In the sf-veral I'oi'etr.iin^ rasi-s one of the cotyledons 
ts delayed in its development, or reduced in size, or 
rendered rudimentary, or quite aborted ; but in other 
cases both cotyledons are represented by mere rudi- 
ments. With Opuntia basilaris this is not the ease, 
for both cotyledons are thick and large, and the 
hypocotyl shows at first no signs of enlargement ; but 
afterwards, when the c if vled'jns have withered and dis- 
articulated themselves, it becomes thickened, and from 
its tapering form, together with i(s smooth, tough, 
brown skin, appears, when ultimately drawn down to 
some depth into the soil, like a root. On the other 

• Dr. H. Creamier, ' EoU Zi;l- Vntirl or's nwmmt (■ Hist. Phva. 

Mm.',' 1*71. [>. S'JI. <l. - I'limr, >, :'J-:=ii-.-. M , :„ j.ltiil, 

t IraiiBch, ■Bcitiuna znr Mnr- p. 1+9) nf llio fiTiiiinntion of Hie 

plWogis diT rfliiiHoii,' 1854. pp. seeds of nvcml species of Cnrv- 

11, 12; ' U"t. Z,-iluiig,' 1ST*, p. (Julitf, lln.t ilm l.ulb ot tuterriih 

SOS. bfiffins to bo formed »t an ex- 

I Delpino. 'Kiviala Rnlnnica." Ircmi-ly cutlv age. 
1877, p. n. It is evident from 
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hand, with several other Caetett, the hypocotyl is from 
the. first much enlarged, mid both cotyledons are 
alinost or quite rudimentary. Thua uith Cereus Land- 
hecfeii two little triangular projections, representing tho 
cotyledons, are narrower than the hypocotyl, which is 
pear-shaped, with the point downwards. In RhipstUis 
caasytlut the cotyledons are represented by mere points 
on the enlarged hypocotyl. In Echinoenctus viridescena 
the hypocotyl is globular, with two little prominences 
u:i its summit. In l'ihw-t\-n$ ll<x<lh-iii the hvpoeolyl, 
much swollen in the upper part, is merely notched on 
the summit ; and each side of the notch evidently repre- 
sents a cotyledon. Stasia aarjicdon, n member of tho 
very distinct family of the Asclepiadeaj, is fleshy like 
a cactus ; and here again the upper part of the flattened 
hypocotyl is much thickened and bears two minute coty- 
ledons, which, measured internally, were only -15 inch 
in length, and in breadth not equal to one-fourth of tho 
diameter of the hvpocotyl in its luirroH axis i vet these 
minute col yleilens are | ire ba lily not quite useless, for 
when the hypocotyl breaks through the ground in the 
form of an arch, they are closed or pressed against one 
another, and thus protect the plumule. They after- 
wards open. 

From the several eases now given, which refer to 
widely distinct plants, we may infer that there is some 
close connection between the reduced size of one or 
both cotyledons and the formation, by the enlargement 
of the hypocotyl or of the radicle, of u so-called bulb. 
But it may be asked, did the cotyledons first tend to 
abort, or did a bulb first begin to be formed? As 
all dicotyledons naturally produce two we 11 -developed 
cotyledons, whilst the thickness of the hypocotyl and 
of the radicle differs much in different plants, it seems 
probable that these latter organs first became from 
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some cause thickened — in several instances apparently 
in correlation with the fleshy nature of the mature 
plant — so as to contain a store of nutriment sufficient 
for the seedling, and then that one or both cotyledons, 
from being superfluous, decreased in size. It is not 
surprising that one cotyledon alone should sometimes 
have been thus affected, for with certain plants, for 
instance the cabbage, the cotyledons are at first of 
unequal size, owing apparently to the manner in which 
they are packed within the seed. It does not, how- 
ever, follow from the above connection, that whenever 
a bulb is formed at an early age, one or both coty- 
ledons will necessarily become superfluous, and conse- 
quently more or less rudimentary. Finally, these 
cases offer a good illustration of the principle of com- 
pensation or balancement of growth, or, as Goethe 
expresses it, "in order to spend on one side, Nature 
is forced to economise on the other side." 

drcumnutation and other movements of Hi/pocotyh 
and Epicotyls, whilst still arched and buried beneath 
the ground, and tchihl brcuJ;i»g through it. — According 
to the position in which a seed may chance to 
have been buried, the arched hypocotyl or epicotyl 
will begin to protrude in a horizontal, a more or 
less inclined, or in a vertical plane. Except when 
already standing vertically upwards, both legs of the 
arch are acted on from the earliest period by apo- 
geotropism. Consequently they both bend upwards, 
until the arch becomes vertical. During the whole of 
this process, even before the arch has broken through 
the ground, it is continually trying to circumnutate 
to a slight extent ; as it likewise does if it happens at 
first to stand vertically up, — all which cases have- 
been observed and described, more or less fully, in 
iho last chapter. After the arch has grown to some 
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height upwards, the basal part ceases to circumnutate, 
whilst the upper part continues to do so. 

That an arched hypocotyl or epicotyl, with the two 
legs fixed in the ground, should be able to cir- 
cumnutate, seemed to us, until we had read Prof. 
Wiesner's observations, an inexplicable fact. He has 
shown* in the case of certain seedlings, whose tips 
are bent downwards (or which nutate), that whilst the 
posterior side of the upper or dependent port inn grows 
quickest, the anterior and opposite side of the basal 
portion of the same inter no do prows quickest; these 
two portions being separated by an indifferent zone, 
where the growth is equal on all sides. There may 
even he more than one indifferent zone in the same 
internode ; and the opposite sides of the parts above 
and below each such zone grow quickest. This pecu- 
liar manner of growth is called by Wiesnor "un- 
dulatory nutation." Cireumnutatiou depends on one 
side of an organ growing quickest (probably preceded 
by increased turgeseence), and then another side, 
generally almost the opposite one, growing quickest. 
Now if we look at an arch like this (| and suppose 
the whole of one side— we will say the whole convex 
side of both legs— r to increase in length, this would 
not cause the arch to bend to either side. But if the 
outer side or surface of the left leg were to increase 
in length the arch would be pushed over to the right, 
and this would bo aided by the inner side of the 
right leg increasing in length. If afterwards the 
process were reversed, the arch would he pushed over 
to the opposite or left side, and so on alternately,— 
that is, it would cireum nutate. As an arched hypo* 

* 'Die irtiluiirciiJ^ Niujitirm inililislinl iqurnldv e-jt 

iliT Int.T!!i-'!l<'",' A<;.:,1. .b r 117.- T>. 32. 

Kn( A. (Vicuna), j an . 17 i b| 1B73 _ 
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cotyl, with tin; two legs fixed in the ground, certainly 
circum nutates, and as it consists of a single internode, 
we may conclude that it grows in the manner de- 
scribed by Wiesner. It may be added, that the crown 
of the arch does not grow, or grows very slowly, for 
it does not increase much in breadth, whilst the arch 
itself increases greatly in height. 

The circumnutatiug movements of arched hypo- 
cotyls and epicotyls can hardly fail to aid them in 
breaking through the ground, if this be damp and 
soft; though no doubt their emergence depends 
mainly on the force exerted by their longitudinal 
growth. Although the arch circumnutates only to a 
slight extent and probably with little force, yet it is 
able to move the soil near the surface, though it may 
not be able to do so at a moderate depth. A pot with 
seeds of Solatium pulinacanthum, the tall arched hypo- 
cotyls of which had emerged and were growing rather 
slowly, was covered with fine argillaceous nau<\ krpt. 
damp, and this at first closely surrounded the bases of 
the arches ; but soon a narrow open crack was formed 
round each of them, which could be accounted for 
only by their having pushed away the sand on all 
sides ; for no such cracks surrounded some little sticks 
and pins which had been driven into the sand. It 
has already been stated that the cotyledons of Phalaris 
and Arena, the plumules of Asparagus and the hypo- 
cotyls of Erassica, were likewise able to displace the 
same kind of sand, either whilst simply circumnu- 
tating or whilst bending towards a lateral light. 

As long as an arched hypocotyl or epicotyl remains 
buried beneath the ground, the two legs cannot sepa- 
rate from one another, cxeept to n slight extent, from 
the yielding of the soil; but ns soon as the arch 
rises above the ground, or at an earlier period if 
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the pressure of the surrounding earth be artificiallj 
removed, the arch immediately begins to straighten 
itself. This no doubt is due to growth along tha 
whole inner surfiiee of both logs of the arch ; such 
growth being checked or prevented, !is long as the two 
legs of the arid) are firmly j >ri s^i-d together. When the 
earth is removed all round an arch and the two legs 
are tied together at their bases, the growth on tho 
under side of the crown causes it after a time to 
become much flatter aud broader than naturally 
occurs. The striughlening jh'hcl-ss consists of a mo- 
dified form of circumnutation, for the lines described 
during this process (as with the hypocotyl of Brassica, 
and the epicotyls of Vicia and Corylus) were often 
plainly zigzag and sometimes looped. After hypo- 
eotyls or epicotyls have emerged from the grown!, 
they quickly become perfectly straight. No trace is 
left of their former abrupt curvature, excepting in the 
case of Allium cepa, in which tho cotyledon rarely 
becomes quite straight, owing to the protuberance 
developed on the crown of the arch. 

The increased growth along the inner surface of the 
arch which renders it straight, apparently begins in 
the basal log or that which is united to the radicle; 
fortius leg, ns we often observed, is first bowed back- 
wards from the other leg. This movement facilitates 
the withdrawal of the tip of the epicotyl or of tho 
cotyledons, as the case may be, from within the seed- 
coats and from the ground. But the cotyledons often 
emerge from the ground still tightly enclosed within 
the seed-coats, which apparently serve to protect them. 
The seed-coats are afterward.-; ruptured and cast off by 
the swelling of the closely conjoined cotyledons, aud not 
by any movement or their separation from one another, 

Nevertheless, in some few cases, especially with the 
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Cucurbitacere, the seeil-coats are ruptured by a curious 
contrivance, described by M. Flalnuiit.* A heel or 
peg is developed on one side of the summit of the 
radicle or base of the hypocotyl ; and this holds down 
the lower half of the seed-coats (the radicle being 
fixed into the ground) whilst the continued growth of 
fi2 the arched hypocotyl forces up- 

' "" wards the upper half, and tears 

asunder the seed-coats at one end, 
and the cotyledons are then easily 
withdrawn. The accompanying 
figure (Fig. 62) will render this 
description intelligible. Forty- 
one seeds of Cuatrbifa ovifera 
were laid on friable peat and were 
covered by a layer about an inch 
in thickness, not much pressed 
down, so that the cotyledons in 
being dragged up were subjected 
to very little friction, yet forty of 
them came up naked, the seed- 
^nK,rX^"»"i E 4'™.a coats being left buried iu the peat, 
heel or peg projecting This was certainly due to the action 
'liL.ii.k' nli. ( Uuin' "I tin'. 1 |H'l", for "lien it was p ru- 
de-urn lower tipjf «Md- ve nted from acting, the cotyledons, 
JStlUH> raptured by as we shall presently sec, were 
thegrowthortheuchtd lifted up still enclosed in their 
rf ° a ° 1 ' sccd-coats. They were, however, 

cast off in toe course of two or three days by the 
swelling of the cotyledons. Until this occurs light is 
excluded, and the cotyledons cannot decompose car- 
bonic acid ; but no one probably would have thought 
that the advantage thus gained by a little earlier cast 



• ' Bull. Sec. Bot. de France,' torn. alt. 1877, p. 201. 
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ing off of tho seed-coats would bo sufficient to account 
for the development of the peg. Yet, according to 
M. [''lahautf, seedlings which have been prevented 
from casting their seed-coats whilst beneath the 
ground, are inferior to those which have emerged with 
their cotyledons naked and ready to act. 

The peg is developed with extraordinary rapidity ; 
fin- it, could otilv just he ili.-iliugui^iud in two scl-J- 
lings, having radicles -35 inch in length, but after an 
interval of only 24 hours was well developed in 
both. It is formed, according to Flahault, by the 
enlargement of the layers of the cortical parenchyma 
at the base of the liypocotyl. If, however, we judge 
by the effects of a solution of permanganate of 
potassium, it is developed on the exact line of 
junction between the liypocotyl and radicle ; for 
the flat lower surface, as well as the edges, were 
coloured brown like the radicle ; whilst the upper 
slightly inclined surface was left uucoloured like the 
liypocotyl, excepting indeed in one out of 33 im- 
mersed seedlings in which a large part of the upper sur- 
face was coloured brown. Secondary roots sometimes 
spring from the lower surface of the peg, which thus 

in- iu ill! rejects to partii'itu uf the nature of the 
radicle. The peg is always developed on the side which 
becomes concave by the arching of the liypocotyl: 
and it would be of no service if it were formed on any 
other side. It is also always developed with the flat 
lower side, which, as just stated, forms a part of the 
radicle, at right angles to it, and in a horizontal plane. 
This fact was clearly shown by burying some of the 
thin flat seeds in the same position as in Fig. 62, 
excepting that they were not laid on their flat broad 
sides, but with one edgo downwards. Nino seeds 
were thus planted, and the peg was developed in tha 
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S^ure: f^;:^;;v it diJ, 0 . jt on t i, e niit t j p 
01 the !■.■■* 'i.i lr ._:f il.^ set-d-ei nts, but was inserted 
liKe a L-rt»r-rii tiie two tips. As the arched 

by:- ■ - . ••' :; tn draw up the 

wh^le s>~.i- aii'i iLe r--j n.-evssarily rubbed against 
b-'th tije. I Tit di l n..t h-.id either down. The result 
was, that the evt yl^k.us of tire out of the nine seeds 
thus plaee-I were niise<lar_.ive the ground still enclosed 
within their sh,-.:!-^, m.s. Four seeds were buried with 
the end i'roni whi«-h the radicle protrudes pointing 
vertically d- ■a-nwanls. and owing to the peg being 

„„,>: into «.«« .i.t, anj nUed .£tolrt?Up« 
one si ie ; the result was. thut the cotyledons of all 
tour emerged still nitiiin their seed-coats. These coses" 
show- us how the peg aets in co-ordination with the 
position which the flat, thin, broad seeds would almost 
always occupy when naturally sown. When the tip 
of the h>«er hull* of the seed-coats was cut off, Flahanlt 
found (,ns we did likewise) that the peg could not act, 
sini't' it had nothing to press ou, and the cotyledons 
were raised above the ground with their seed-coats not 
east I'll'. Lastly, nature shows us the use of the peg; 
for in the one CiK-iirbitaceous genus known to us, in 
which the cotyledons are hvpogean and do not cast 
their seed-coats, namely, Negarrbhsa, there is no 
veiii^o of a |ieg. Tli is strueture seems to he present 
in most »f tlie other genera in the family, judging from 
Flalniult's statements; we found it well-developed and 
iivmwily aoting in Triehosanthes anguina, in which we 
litinlly expected to find it, as the cotyledons are some- 
what tliiok and fleshy. Few eases can be advanced 
m\' a Kliuoturo better adapted for a special purpose 
tli.iu tin; present one, 
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"With Mimosa pudica the radicle protrudes from a 
small hole in the sharp edge < >!' the need ; and on its 
summit, where united with the hy pointy 1, a transverse 
ridge is developed at an early age, which clearly aids 
in splitting the tough seed-coats ; but it does not aid 
in casting them off, as this is subsequently effected by 
the swelling of the cotyledons after tliey have been 
raised above the ground. The ridge or heel therefore 
acts rather differently from that of Cucurbita. Its 
lower surface and the edges were coloured brown by 
the permanganate of potassium, but not the upper 
surface. It is a singular fact that after the ridge has 
done its work and has escaped from the seed-coats, 
it is developed into a frill all round the summit of the 
radicle.* 

At the base of the enlarged hypocotyl of Abronia 
umbellata, where it blends into the radicle, there is a 
projection or heel which varies in shape, but its out- 
line is too angular in our former figure (Fig. 61). The 
radicle first protrudes from a small hole at one end of 
the tough, leathery, winded fruit. At this period the 
upper part of the radicle is packed within the fruit 
parallel to the hypocotyl, and the single cotyledon is 
doubled back parallel to tho latter. The swelling of 
these three parts, and especially the rapid development 
of the thick heel between the hypocotyl and radicle 
at the point where they arc doubled, ruptures the 
tough fruit at the upper end and allows the u retted 
hypocotyl to emerge ; and this seems to be the function 
of the heel. A seed was cut out of the fruit and 



• Onr attention wne cited to nt Mm jim ti"n of the rndlclc and 

this case liy u brief i-tiiti-nieiit by I>v|*>c<i1v). Thi* |)..;=tac«a n 

Nobbc in lit. -Ui.udl,u.li di-r >viy Imrd ami tmitfli co;it, and 

S:i monk nude,' ISTti ]> '.;!.">, ivln-r'.: nfmld I-- tiS.t'li iim- mil in 

a S'-nui is :l!e'i L-nentif n si-nlliti" liinstiiig unil litting the ctyli- 

of Mii;'.;. i' iili ii In t'l or ridge dulls. 
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allowed tu germinate in damp air, and now a thin 
flat disc was developed all round the base of the 
hypocotyl and grew to an extraordinary breadth, like 
the frill described under Mimosa, but somen hat broader. 
Flahault says that with Mirabilis, a member of the 
same family with Abronia, a heel or collar is developed 
all round the base of the hypocotyl, but more on one 
side than on the other ; and that it frees the coty- 
ledons from their seed-coats. We observed only old 
seeds, and these were ruptured by the absorption of 
moisture, independently of any aid from the heel and 
before the protrusion of the radicle ; but it does not 
follow from our experience that fresh and tough fruits 
would behave in a like manner. 

In concluding this section uf the present chapter it 
may be convenient to summarise, under the form of an 
illustration, the usual movements of the hypocotyls 
and epieotyls of srt'illmpi, whilst breaking through the 
ground and immediately afterwards. We may suppose 
a man to be thrown down on his hands and knees, and 
at the same time to one side, by a load of hay falling 
on him. Ho would first endeavour to get his arched 
back upright, wriggling at the same time in all 
directions to free himself a little from the surrounding 
pressure ; and this may represent the combined effects 
of apogeotropism and circum nutation, when a seed is so 
buried that the arehed hypocotyl or epicotyl protrudes 
at first in a horizontal or inclined plane. The man, 
still wriggling, would then raise his arched back as 
high as he could ; and this may represent the growth 
and continued circumnutation of an arched hypocotyl 
or epicotyl, before it has reached the surface of the 
ground. As soon as the man felt himself at all free, li6 
would raise the upper part of his body, whilst still on 
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his knees and still wriggling; and this may represent 
the bowing backwards of the basal leg of the arch, 
which in most cases aids in the withdrawal of tho 
cotyledons from the buried and ruptured seed-coats, 
and the subsequent straightening of the whole hypo- 
cotyl or epicotyl — circum nutation still continuing. 

Gircumnutation of Jhjjiocotyh and Hpicotijh, when 
erect— The hypocoiyla, epicotyls, and first shoots of the 
many seedlings observed by us, after they had become 
straight and erect, circum nutated continuously. The 
diversiiied ligures ■Ies'.:n i.n-rJ by them, often during two 
successive days, have been sbown in the woodcuts in 
the last chapter. It should be recollected that the 
dots were joined by straight lines, so that the figures 
are angular; but if the observations had been made 
every lew minutes the Hues would have been mure 
or less curvilinear, and irregular ellipses or ovals, or 
perhaps occasionally circles, would have been formed. 
The direction of tho longer axes of the ellipses made 
during the same day or on successive davs generally 
changed completely, so as to stand at right angles to 
one another. The number of irregular ellipses or 
circles made within a given time differs much with 
different species. Thus with Bramea oleracea, Cerinth* 
major, and OuowrhUa ovifera about four such figures 
were completed in 12 h. ; whereas with Solarium palina- 
cantkum and Opuiitin bimihrri*. se;ireely more than one. 
The figures likewise differ greatly in size ; thus they 
were very small and in Fume decree doubtful in Shipeliit, 
and large in Brossica, &C The ellipses described by 
Latkyrus nissolia and Brassica were narrow, whilst 
those made by the Oak were broad. The figures are 
often complicated by small loops and zigzag lines. 

As most seedling plants before the development 
of true leaves are of low, sometimes very low stature, 
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the extreme amount of movement from side to side 
of their c ire um nutating stems was small; that of 
the hyjiocotvl of Githatjo scijcituu was filjtillt- *2 of an 
inch, and that of Ouearhita ovifera about '28. A 
very young shoot of Lalhjrm nhsolia, moved about 
■14, that of an American oak -2, that of the common 
nut only "04, and a rather tall shoot of the Asparagus 
'11 of an inch. The extreme amount of movement 
of the sheath-like cotyledon of Phalaris Canarienms 
was -3 of an inch ; but it did not move very quickly, 
the tip crossing on one occasion five divisions of the 
micrometer, that is, , J ([ tli of sin inch, in 22 m. 5 s. A 
seedling Nohuia pi-out rata travelled the same distance 
in 10 m. 38 s. Seedling cabbages circumutated much 
more quickly, for the tip of a cotyledon crossed 
^th of an inch on the micrometer in 3 m. 20 s. ; and 
this rapid movement, accompanied !>y incessant oscil- 
lations, was a wonderful spectacle when beheld under 
the microscope. 

The absence of light, for at least a day, does not 
interfere in the least with the circum nutation of the 
hvpoi.'olyls, cpieotyls, or yotm^ shouts ot the various 
dicotyledonous seedlings observed by us ; nor with that 
of the young shoots of some monocotyledons. Tlio 
circum nutation was indeed much plainer in darkness 
than in light, for if the light was at all lateral the 

Finally, the hypocotyls of many seedling^are drawn 
during the winter into the ground, or even beneath it 
bo that they disappear. This remarkable process, 
which apparently serves for their protection, has 
been fully described by De Vries.* Ho shows that 

• ' But. Zeltimg,' lH7y, p. (H9. bni&' Jahtg. ivL p. in, Ha qnotoil 
See also Winkl. r in • Vt-rbandl. liv HhIhtIiiiiiU, ■ SiLiit/innticliuir- 
ilcu Hot Ycreiui Jit ['. liiMiidta- gin d. r KduijiltjiiH:,' 1K77, p. 5a 
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it is effected by the contraction of the parenchyma- 
cells of the root. But the hypocotyl itself in some 
cases contracts ariMtly, and although ill first smooth 
becomes covered with zigzag ridges, as we observed 
with Githago segetum. How much of tho drawing 
down and burying of the liypucotvl of Opuntia hasilaris 
was due to the c:on tract ion of tins part and how milch 
tn that of tho radicle, we did not observe. 

CircummUcttion of Cotyledons.— With all the dico- 
tyledonous seedlings described in the last chapter, the 
cotyledons were in constant movement, chiefly in a ver- 
tical plane, and commonly' once up ami once down in 
the course of the 24 hours. But there were many excep- 
tions to such simplicity of movement ; thus the cotyle- 
dons of Ipomcea aeridea moved 13 times cither upwards 
or downwards in tho course of 10 h. 18 m. Those of 
Oxalis rosea moved in the same manner 7 times in the 
course of 24 h. ; and those of Cassia tora described 5 
irregular ellipses in 9 1). The cotyledons of some 
individuals of Mimosa pudira and of Lotus Jacobieus 
moved only once up and down in 24 h., whilst those of 
others performed within the same period an additional 
small oscillation. Thus with different species, and 
with different individuals of the same species, there 



same seedling move to a certain extent independently 
of one another. This was conspicuous with those of 
Omits seitsitiva, in which one cotyledon might be 
seen during the daytime rising up until it stood 
vertically, whilst the opposite one was sinking down. 

Although the movements of cotyledons were gene- 
rally in nearly the same vertical plane, yet their 
upward and downward courses never exactly coin- 
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ciiled ; so that ellipses, more or less narrow, were 
described, and the eotyledi.ms may safely lie said to 
have circumnutated. Nor could this fact be accounted 
for by the mere increase in length of the cotyledons 
through growth, for this by itsolf would Tint induce 
any lateral movement That there was lateral move- 
ment in some instances, as with the cotyledons of the 
cabbage, was evident; for these, besides moving up 
and down, changed their course from right to left 12 
times in 14 1). 15 m. \\ ith Solatium hjeojKrstkwn the 
cotyledons, after falling in the forenoon, zigzagged 
from side to side between 12 and 4 p.m., and then 
commenced rising. The cotyledons of Lvpinus luteus 
are so thick (about '08 of an inch) and fleshy," that 
they seemed little likely to move, and were there- 
fore observed with especial interest; they certainly 
moved largely up and down, and as the line traced was 
zigzag there was some lateral movement. The nine 
cotyledons of a seedling Ptnus pinaster plainly circum- 
nutated ; and the figures described approached more 
nearly to im'gidar ciivlrs than fo irregular ovals or 
ellipses. The slient li-likc eot; li'dolis ui the Gr;i- 
minete circumnutate, that is, move to all sides, as 
plainly as do the hypocotyls nr opie.otvis of any dico- 
tyledonous plants. Lastly, the very young fronds of 
a Fern and of a Sela!_'inella eireuiinmlaf.ed. 

In a large majority of the cases which were care- 
fully observed, the cotyledons sink a little downwards 
in the forenoon, and rise a little in the afternoon or 
evening. They thus stand rather more highly inclined 
during the night than during the mid-day, at which 

•Thecoty1<!ii"ns,t!iougli bright Ac , 1877. p. 95), on the gradations 
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time they are expanded almost horizontally. The 
eircumnutatmg movement is thus at least partially 
periodic, no doubt in connection, as we shall hereafter 
sec, with the dailv idiernutkms of light and daikness. 
The cotyledons of several plants move up so much at 
night as to stand nearly or quite vertically ; and in 
this latter casu ihey come into close contact with one 
another. On the other hand, the cotyledons of a 
few plants sink almost or quite vertically down at 
night; and in this latter case they clasp the upper 
part of the hypocotyl. In the same genus Oxalis the 
cotyledons of certain species stand vertically up, and 
those of other species vertically down, at night. In 
all such cases the cotyledons may be said to sleep, 
for they act in the same manner as do the leaves of 
many sleeping plants. This is a movement for a 
special purpose, and will therefore be considered in a 
future chapter devoted to this subject. 

In order to gain soiuc rude notion of the proportional 
number of cases in which the cotyledons of dico- 
tyledonous plants (hypogean ones being of course 
cxdndfrt) changed their position in a conspicuous 
manner at night, one or more species in several 
itinera wore cursorily observed, besides those described 
in the last chapter. Altogether I W genera, included 
in as many families as could bo procured, were thus 
observed by ns. The cotyledons were looked at in 
the middle of the day and again at night, ; and those 
were noted as sleeping which stood either vertically 
or at an angle of at least GO ' above or beneath the 
horizon. Of suHi genera there were 26; and in 21 of 
them the cotyledons of some of the species rose, and 
in only 6 sank at night; and some of these latter 
eases are rather doubtful from causes to be explained 
in the chapter on the sleep of cotyledons. When 
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cotyledons which at noon were nearly horizontal, stood 
at night at more than 20° and less than 00° above the 
horizon, they wen; recur-ited as "plainly raised;" and 
of such genera there were 38. We did not meet with 
any distinct instances of cotyledons periodically sink- 
ing only a few degrees at night, although no doubt 
such OL'cur. We have now accounted for (!i genera 
out of the 153, and there remain 89 in which the 
cotyledons did not change their position at night by 
as much as 20° — that is, in a conspicuous manner 
which could easily be detected by the unaided eye and 
by memory ; but it must not be inferred from this 
statement that these cotyledons did not move at all, 
for in several cases a rise of a few degrees was re- 
corded, when they were carefully observed. The 
number 89 might have been a little increased, for the 
cotyledons remained almost horizontal at night in 
some species in a few genera, for instance, Trifo- 
lium and Geranium, which are included amongst the 
sleepers, such genera might therefore have been added 
to the 89. Again, one species of Oxalis generally 
raised its cotyledons at night more than 20" and less 
than 60" above the horizon ; so that this genus might 
have been included under two heads. But as several 
species in the same genus were not often observed, 
such double entries have been avoided. 

In a future chapter it will be shown that the leaves 
of many plants which do not sleep, rise a few degrees in 
the evening and during the early part of the night ; 
and it will be convenient to defer until then the 
consideration of the periodicity of the movements of 
cotyledons. 

On the Pvlvini or Joints of Cott/Iedons.—'With several 
of the seedlings described in this and the last chapter, 
the summit of the petiole is developed into a piilvinus, 
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cuahion. or joint (as thia organ has been variously 
called), like that with which many leaver are provided. 
It consists of a mass of small colls usually of a pale 
colour from the absence of chlorophyll, and with its 



shown in the annexed 



outline more or less convex, a 
figure. In the case of O.eoIU 
seiisitiva two-thirds of the 
petiole, and in that of Mi- 
mosa pudka, apparently the js 
whole of the short aub- 
petioles of the leaflets have 
been converted into pulviui. 
With pulvinated leaves (i.e. 
those provided with a piil- 
vinus) their periodical move- 
ments depend, according to 
Pfeffer," on the cells of the 
pulvinus alternately expand- 
ing more quickly on one side 
than on the other; whereas 
the similar movements of 
leaves not provided with pul- 
vini, depend on their growth 0r ^ is ^°^'-^^^^^™ 
being alternately more rapid of ihc p.iiolo of a cotyledon, 
on one side than on the ™*Jf fi ^* s ^^™'^ d S: 

Other.t As long as a leaf tiolei/.fibto-Tinralar bundle; 

provided with a pulvinua is ^j^™ 8 """™' ° f bl ' d " 01 
young and continues to grow, 

its movement depends on both these causes combined ;J 
and if the view now held by many botanists be sound, 
namely, that growth is always preceded by the expan- 
sion of the growing colls, then the difference between 
the movements induced by the aid of pulvini and 
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without such aid. is reduced to the expansion of the 
cells not being followed by growth in the first case, 
and being so followed in the second case. 

Dots were made with Indian ink along the midrib 
of Kith pulviuated cotyledons of a rather old seedling 
of Qxttlis Val-Ih-iana ; their distances were repeatedly 
measured with an eye- piece micrometer during 8$ days, 
uud thev did not exhibit the least trace of increase. 
It is therefore almost certain that the pulvinns itself 
was not then growing. Nevertheless, during this 
whole time and for ten days afterwards, these coty- 
ledons rose vertically every night. In the case of 
some seedlings raised from seeds purchased under the 
name of Oxalis fioribunda, the cotyledons continued 
for a long time to move vertically down at night, and 
the movement apparently depended exclusively on 
the pulviui, for their petioles were of nearly the same 
length in young, and in old seedlings which had pro- 
duced true leaves. With some species of Cassia, on 
the other hand, it was obvious without any measure- 
ment that the pulviuated cotyledons continued to 
increase greatly in length during some weeks ; so that 
here the expansion of the cells of the pulvini and the 
growth of the petiole were probably combined in 
causing their prolonged periodic movements. It was 
equally evident that the cotyledons of many plants, 
not provided with pulvini, increased rapidly in length ; 
and their periodic movements no doubt were exclu- 
sively due U> growth. 

In accordance with the view that the periodic 
movements of ali cotyledons depend primarily on the 
<:(jiiinniou of the cells, whether or not followed by 
f/r< jwf.ii, wc can understand the fact that there is but 
little difference in the kind or form of movement 
in the two sets of cases. This may be seen by com- 
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paring the diagrams given in the last chapter. Thus 
the movements of the cotyledons of Brassica oleracea 
and of Ipomcea cwrvJea, which ore not provided with 
pulvini, are as complex as those of O.xulis and Cassia 
which are thus provided. The pul vitiated cotyledons 
of some individuals of Mimosa jmdiea and Lotus 
Jacobssus made only a single oscillation, whilst those 
of other individuals moved twice up and down in the 
course of 2-1 hours; so it was occur io nail y with the. 
cotyledons of Cucurbita ovifera, which ate destitute of 
a pulvinus. Tiie movements of pulvinuted cotyledons 
are generally larger in extent than those without a 
pulvinus; nevertheless some of the latter moved 
thruULrh 1 1 angle of 90". There is, however, one 
important (liii'erenia! in the two sets of cases; the 
nocturnal movements of cotyledons without pulvini, 
for instance, those in the Crucifera;, Cucurbitaceie, 
Githago, and Beta, never last even for a week, to any 
conspicuous degree. Pulvinated cotyledons, on the 
other hand, continue to rise at night for a much 
longer period, even for more than a month, as wo 
shall now show. But the period no doubt depends 
largely on the temperature to which tho seedlings are 
exposed and their consequent late of development. 

Oxalis Vablioicma.— Some cotyledons which had lately opened 
and were horizontal on March 0th at noon, stood at night ver- 
tieally up; on the l:irh the iirst tine, leal" voi* formed, nul was 
embraced at ni^lil ly tlai eulylcdoiis; on April 9th, after an in- 
terval of 35 days, sis leaves ivmi! devtlop d, and yet the .■oty- 
ledons roso almost vorf ifiilly at night. The cotyledons ol 
another seed line;, wliiea when first ti- servo! had fihvrtily- pro- 
duccd it leaf, stood verfii':illy at, jiitrht ami continued to do so for 
11 additional dnyn. After 16 days from the first observation 
two leaves were developed, arid ike cotyledons were still greatly 
rained at night. After '21 days the cotyledons duriue; the day 
were deflected beneath the horizon, "but at flight were raised 4 i° 
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llii'li vi;vt.ii:ai at nijjlit. 

lY-f-Jitim suMtrraitcitiB.— A seedling, 8 days old, had its coty- 
ledon;; liomontul a: Iu.30 a.m. and vertical at 9. ID r.:-i. After' 1111 
intn'i'a! of tivc months, by which (i™ the lirst md rac/mri true 
li'iivfs bad 1 ) : r- 1 i ii['Vi'lij|K i[, the w.y h-doiis still performed the 
guuc movement. Taey Usui mr.v iii;-ieis-d ;:n-a':y in size, mid 
ba.i become oval; and [heir petioles Muff ac:ua!h 'S of an inch 

in length ! 

Trifolinm strirjum. -After 17 days Hie cotyledons; still rope: fit 
night, but wore not afterwards observed. 

Lulus JtuxAawi. — The cotyledons of some seedlings having 
«(.-I1-i1l'vl1(i;h (I leave* ru-e Id an au;;Ie of about 4u° at night; 
and even after 3 or 4 whorls of leaves had been formed, the co- 
tyledons iw. at night considerably above thoir diurnal hori- 
zontal position. 

Cassia mlmutoidei.—Tiie cotyledons of this Indian species, 
14 date lifter their first expaniiiou, and when a ieaf had been 
formed, sdiiud during tlio day horizontal, and at night vertical. 

C'u.Wu sj; < (a largu S. Uraziliim tree raised from seeds sent ua 
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by F. Mailer).— the cotyledons, after 16 days from their first 
expansion, had increased greatly in size with two leaveB just 
farmed. They skiud hori/uiitatly during tin; dny and vertically 
at night, bid iveie not ai'ieuivard;; observed. 

Cass w negltctu (likewise a S. Brazilian species).— A seedling, 
34 days after tlie first expansion of its cotyledons, was between 3 
ami 4 indies in tifight, wiili 3 wlUWdiipi'd leaves; suui th,; 
cotyledons, which during the day ware nearly horizontal, at night 
stiiod vertical, diisf;':}- tmbiaeii:;; the yomig H(t-;j[. The col.vlrj- 
dons of another scedliog of the same age, 5 inches in height, 
v.-jtli 4 ive 11- developed leaves, behaved at night in exactly the 



It is known* that there is no difference in structure 
between the upper and lower halves of the pulvini of 
leaves, sufficient to accouul for their upward or down- 
ward movements. In this respect cotyledons offer an 
unusally good opportunity for comparing the structure 
of the two halves ; for the cotyledons of Owalis Valdi- 
viatut rise vertically at night, whilst those of 0. rosea 
sink vertically ; yet when sections of their pulvini were 
made, no clear difference could he detected between the 
corresponding halves of this organ in the two species 
which move so differently. With 0. rosea, however, 
there were rather more cells in the lower than in the 
Tipper half, hut this was likewise the case in one speci- 
men of 0. Valdivtatia. The cotyledons of both species 
(3i mm. in length) were examined in the morning 
whilst extended horizontally, and the upper surface oi 
the pulvinus of 0. rosea was then wrinkled transversely, 
showing that it was in a state of compression, and this 
might have been expected as the cotyledons sink at 
night; with 0. Valdiviana it was the lower surface 
which was wrinkled, and its cotyledons rise at night. 

Trifolium is a natural genus, and the leaves of all 
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the species seen by us are pulvinated ; so it is with 
the cotyledons of T. subtermmum and striclum, which 
stand vertically at night ; whereas those of 2'. resu[A- 
natum exhibit not a trace of a pulvinus, nor of any 
nocturnal movement. This was ascertained by mea- 
suring the distance between the tips of the cotyledons 
of lour seedlings at mid-rluy and ;it night.. In this 
species, however, us in the others, the first-formed leaf, 
which is simple or nut trifoliate, rises up anil sleeps 
like the terminal lenilet on a mature plant. 

In another natural genus, Uxalis, the cotyledons of 
O.Valdiviana, rosea, fiorilunda, articulata, and senxitiva 
are pulvinated, and all move at night into an upward 
or downward vertical position. In these several species 
the pulvinus is seated close to the blade of the coty- 
Iedon, as is the usual rule with most plants. Oxulis cor- 
niculata Atro-puiymrui) differs in several respects; 
the cotyledons rise at night to a very variable amount, 
rarely more than 45"; and in one lot of seedlings 
(purchase! ! under the name of 0. troj.moloidi:s, but 
certainly belonging to the above variety) they rose 
only from 5" to 15° above the horizon. The pulvinua 
is developed imperfectly and to an extremely variable 
degree, so that apparently it in tending towards abor- 
tion. No such ease has hitherto, wo believe, been 
described. It is coloured green from its cells con- 
taining chlorophyll ; and it is seated nearly in the 
middle of the petiole, instead of at the upper end aa 
in all the other species. The nocturnal movement is 
effected partly by its aid, and partly by the growth of 
the upper part of the petiole as in the case of plants 
destitute of a pulvinus. l'V an these several reasons 
and from our having partially traced the develop- 
ment of the pulvinus from an early ago, the case 
seems worth describing in some detail. 
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When Hie: cotyledons of ft. mraicuhU were diFfccted out of a 
hdci] from which they would soon liavo nut 11 rally emerged, no 
trace of 11 [mlvimiB could lie delected ; and nil the cells forming 
the short petiole, 7 in number ma lotieiliiiHiul rnw, were of nearly 
equal size. In seedlings one or two days old, the pulvimis was 
so indistinct that we tln'iught nl first that it did not exist; hut 
in the, middle of the pctinlc an ill-dcliiied transverse Kone of cells 
could lie seen, which were much shorter than those Imtll above 
and below, although of tlie same breadth with thcra. They 
presented the appearance of having been just formed by tho 
transverse division or' roriiier ct.-LLs ; and there ran be little doubt 
that this had occurred, for the cells in the petiole which hail 
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We hero see that the cells of the pulvinns increase but little 
in length with advancing uj;o, in comparison with tliu.i. of T ho 
petiole both above and below it ; but the; eont.nue to grow in 
width, and keep equal in this respect with the other cells of 
the petiole. The rate of growth, however, varies in all parts 
or the cotyledons, as may be observed in the measurements of 
the 8-days' old seedling. 

The cotyledons of seedlings only a day old rise at night con- 
siderably, sometimes as much as afterwards; hut there was 
much variation in this respect. As the pulvinns is so indistinct 
at first, the movement probably does not then depend on the 
expansion of its cells, but on periodically unequal growth in 
the petiole. By tho comparison of seedlings of different known 
ages, it was evident that riie chief scat- nf L-mwtli of tho petiole 
was in the upper part between the pulvinus and the blade; 
and this agrees with the fact (shown in the measurements above 
given) that the cells grow to a greater length in the upper than 
in the lower part. With a seedling 1 1 days old, the nocturnal 
rise was found to depriid largely on the action of tho pulvinus, 
for tin"; pel iok; at niy'nt van curved upwards at this point ; and 
during! the day, whilst tin: petiole »i. liori/oii:al, the. lower 
surface of the pulvinus was wriukhd with tiie upper suvfuct) 
tense. Although the cotyledons ut an advanced age do not rise 
at ni .hi roa higher inclination than wiiilst joun;;, vo; they have* 
to pass through a larger angle (in one instance amounting to 
(i3°) to gain their nocturnal position, as they are generally 
deflected beneath the horizon during the day. Even with the 
ll-days" old seedling tin; movement did not depend exclusively 
on tho pulvinus, for tho blade whore joined to the petiole was 
curved upwards, and this must be attributed to unequal growth. 
Therefore the periodic movements of the coiylwlons of U. cornt- 
i:/ilw<i depend on two distinct hut eonj . i r ; t. action*, namely, the 
expansion or the cells of the pulvinus and on the growth of 
tho upper part of Iho petiole, including tho base of tho blade. 

I Mhos Jacobieiis.— The seedlings of this plant present a case 
parallel to that of Uxalis cornkulala in some respects, and in 
others unique, as far as wo have seen. The cotyledons during 
the first i or 5 dais of -lair life do not exhibit any plain noc- 
turnal movement; but afterwards they stand vertically or 
almostverticallyupat night. There is, however, some degree of 
variability in this" respect, apparently di pendent on tho season 
■nd on tho degree to which they havo been illuminated during 
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tho fliiy. Wiih cllrr swdlini,;s, luiviii;,' cntvli.'ilr.Mis J mm. is 
loiiplh, whicli risi. 1 Ciiijsiik'i'itlilv at ni^'it, thuic is a well deve- 
loped pulvinns close to the blade, colourless, and rather nar- 

separa'ed. It is formed of a inn™ of small cells of an average 
loiiRth uf 021 mm. ; whereas the cells in the lower part of the 
petiole are about *06 mm., and those in tho blade from -03-1 to 
•0-1 mm. in length. Tho epidennic culls in the lower part of the 
petiole project conically, and thus differ in shape from those 



The fibular litct uf Uie cjtylcil.iiis or' this fhuit [nil stuping ,it 
first is therefore duo to the pulvinus not being dovolojHid at an 
early ago. 

We learn from these two cases of Lotus and Oxalis, 
that the development of a pulvinus follows from the 
growth of the cells over a small defined space of the 
petiole being almost arrested at an early age. With 
Lotus Jacobmus the cells at first increase a little in 
length ; in Oxalis eornicvlata they decrease a little, 
owing to suh-ili vision. A mass of such small cells 
forming a pulvinus, might therefore be either acquired 
or lost without any special difficulty, by different 
species in the same natural genus : and we know that 
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with seedlings of Trifolium, Lotus, and Oxalis some of 
the species have a well-developed pulvinus, and others 
have none, or one in a rudinn'tUiii'v euinlition. As the 
movements caused by the alternate tnrgescence of 
the cells in tho two halves of a pulvinns, must be 
largely determined by the extensibility and subse- 
quent contraction of their «&] Is, we can perhaps under- 
stand wliy a large, number of small cells will l»> more 
efficient than a small number of large cells occupying 
the same space. As a pulvinus is formed by the 
arrestment of the growth of its cells, movements de- 
pendent on their action may be long-continued withou 
any increase in length of the' part thus provided; 
and such long-continued movements seem to be one 
chief end gained by the development of a pulvinus. 
Long-continued movement would be impossible in any 
part, without an inordinate increase in its length, if the 
turgescence of the cells was always t'ol lowed by growth. 
Disturbance of lite Periodic Movi'iiifiitx of Cotyledons by 
Light. — The hypocotyls and cotyledons of most seed- 
ling plants are, as is well known, extremely heliotropic ; 
but cotyledons, besides being heliotropic, are affected 
paratonicaily (to use .Sachs' expression) by light; that 
is, their daily periodic movements are greatly and 
quickly disturbed by changes in its intensity or by 
its absence. It is not that they cease to circumnutate 
in darkness, for in all the many cases observed by us 
they continued to do so ; but the normal order of 
their movements in relation to the alternations of day 
and night is much disturbed or quite annulled. This 
holds good with species the cotyledons of which rise 
or sink so much at night that they may be said to 
sleep, as well as with others which rise only a little. 
Hut different species are affected in very different 
degrees by changes in the light. 
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For instance, the cotyledons of lleta vulgar!*, Solarium tycoper- 
tieum, Ctrtntkc major, and Lupinut latent, when placed in dark- 
ness, moved down during the afternoon and early night, instead 
of rising as they would have done if tliey had been exposed to 
tho light. All the individuals of the Solannm did not behave 
in the samo manner, for the cotyledons of one circum nutated 
about tbe same spot hetweon 2.30 and 10 P.m. The cotyledons 
of a seedling of Vxalit tornitttlata, which was feebly illuminated 
from above, moved downwards during tho first morning in tho 
normal manner, bat on the second morning it moved upwards. 
The cotyledons of Lotus Jarobauti were not affected by 4h. of 
complete darkness, but when placed under a double skylight 
and thus feebly illuminated, they quite lost their periodical 
movements on the third morning;. On the other hand, the 
cotyledons of Cwrbita ovifera moved in the normal manner 
during a whole day in darkness. 

Seedlings of Oilhago tectum were feebly illuminated from 
above ill the morning befon; their cotyledons had eipanded.and 
they remained closed for the next 40b. Other seedlings were 
placed in the dark after their cotyledons had opened in tho 
morning and these did not begin to close until about 1 h. had 
elapsed. The cotyledons of Oxuiis ri»a sank vertically down- 
wards after being left for 1 h. 20 m. in darkness ; but those of 
some other species of Oralis wore not affoeted by several hours 
of darkness. Tho cotyledons of several species of Cassia are 
eminently susceptible to changes in the di pvu of light to which 
they are exposed: thus seedlings of an unnamed S, Brazilian 
species (a large and beautiful tree) were brought out of the hot- 
house and placed on a table in the middle of a room with two 
north-east and one north-west window, so that they were fairly 
well illuminated, though of course less so than in the hot-house, 
the day being moderately bright; and after 86 m. the cotyledons 
which had been horizontal rosenp vertically and closed together 
as when asleep ; aftor thus remaining on the table for 1 h. 13 m. 
they began to open. The cotyledons of young seedlings of another 
Brazilian species and of iicyfe^i, tieutod in the same manner, 
behaved similarly, excepting that they did not rise up quite so 
much : they again became horizontal after about au hour. 

Here is a more interesting; case : seedlings of Cassia tora in 
two pots, which had stood for some time on the table in the 
room just described, had their cotyledons horizontal. One pot 
was now exposed for 2 b. to dull sunshine, and the cotyledon* 
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remained horizontal ; it was then brought back to the table, and 
after 50 m. the cotyledons had risen 68° above the horizon. 
The other pot was placed during the Barae 2 h. behind a screen 
in the! roam, where the liglii was very obscure, and the cotyledons 
rose 6i)° above tho horizon ; tho pot was then replaced on the 
table, and after 60 m. the cotyledons had fallen S3". Tlrnse two 
pots with seedlings of the same age stood close together, and 
were exposed to exactly Hie same amount of light, yet the coty- 
ledons in tho one pot were rising, whilst those in the other 
pot were at the same time sinking. This fact illustrates in a 
striking manner that their movements are not governed by tho 
actual amount, hut by a change in the intensity or degree of 
the li-lit. A similar experiment was tried with i wo fets of seed- 
lings, both exposed to a dull light, hut different in degree, and 
the result wasthesamo. Tile movements oi" the rotylcdonsof this 
Cassia are, however, determined (as in many other casos, largely 
by habit or inherit nice, independently of light; for seedlings 
which had been moderately illuiniiniteil during the day, were 
kept all night and on the following morning in complete dark- 
ness; yet the cotyledons were partially open in the morning 
and remained open in the dark for about 6 h. Tho cotyledons 
in another pot, similarly treated on another occasion, were open 
at 7 A.M. and remained open in the dark for i h, '60 m , after 
whirl] time they lii.'ii;Ui id elosi.-. Vel these s;ime sicdlijigs, ivhi'ls 
brought in the middle of the day from a moderately bright 
into only a moderately dull light raised, as we have seen, their 
cotyledons high above tho horizon. 

Semitiwntss of Cotyhdona to ctniad. — This subject does not 
possess niueh interest, ;is it i.- m>! known that seiisitivp.r.ess of tills 
kind is of any servieu lo scedliru- plants. Wo have observed eases 
in only four genera, though wo have vainly observed the coty- 
lodonsof many others. Tho genus Cassia soems to bo pre-eminent 
in this respect : thus, the cotyledons of C. torn, when extended 
horizontally, were butts lightly tuji|n.it with n very tliin twig fur 
8 m., and in tho course of a few minutes they formed together 
an angle of 90°, so that cacti had risen 45°. A single cotyledon 
of another seedling was tapped in n like manner for 1 m., and it 
rose 27° in lira, ; and after eight adoiiiunal minutes it had risen 
10° more; tho opposite cotyledon, which was not tapped, hardly 

zontal again in less than half an hour. The pulvinus is the most 
sensitive part, for on slightly pricking three cotyledons with s 
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reeled from u syi-iiifre, cau.sed them to move t;pward.s. When 
a pot of seedlings was rapidly liit with a stick and thus jarred, 
the cotyledons roso slightly. When a minute drop of nitric 
acid was placed on both pulvini of a Rccdliiifr., the cotyledons 
roso so quickly that they could easily be seen to move, and 
almost immediately afterwards Ihey Injgaii to fall; but tlio 
pulvini had Ixrn killed ;tiid Wi-asnr. brown. 

The cotyledons of an unnamed species ol' Cassia (n large treo 
from S. Brazil) rose 31° in the course of 2G m afler the pulvini 
and the blades had both Iwen rnblMsd during 1 m. with a twig; 
but when the blade alone was sinii l.-n-lv nibbed the cotyledons 
ruse only 8°. The remarkably lone and mirrow co'yledons, of a 
third unnamed species from S. Brazil, did not move when their 
blades were inbbed on six occasions with a pointed stick for 
30 s. or for 1 m.; but when the pitivimis was rubbed and slightly 
pricked with a pin, the cotyledons rose in the course of a few 
minutes through an angle of 60=. Several cotyledons of 
V. msglecla (likewise tVoi'i M. ilrazil) rose in from 5 m. to 15 m. to 
various angles bclwcen 111' and HI-, a tier ieing rubbed during 
1 in. with a twif;. Their sensitiveness is .erainrd to a somewhat 
advanced aji , for the cotyledons of a Jilt hi phtn ■ of f*. ■ eijhrlu > 
3.1 days old and heiiriiij: three true leave-, rose win'D lightly 
pinched between the finger and thumb. Soino seedlings were 
exposed for 30 m, to a wind (temp. M V.) sullieiontly strong to 
keep the cotyledons vibrating, but this to our surprise did not 
cause an; movement. The cotyledons -of four seedlings of the 
Indian ('. gltiura were either rubbed with a thin twig for 2m. or 
were lightly pinched : one re.yo ?.V ; a second only l>' ; a third 
13°; and a fourth 17°. A cotyledon of V. Jloridu similarly 
treated rose 9" ; one of 0. corymhosa rose 7}°, and one of the 
very distinct (.'. mimosoida only 6°. Those of C, jmbeseeus did 
not appear to bo in the least sensitive; nor wore those of V. 
v dtati, but these latter are rather thick and fleshy, and do not 

rise at night or go to sleep. 

Smil/iia smsiif™.— This plant Iwlongs to a distinct snlvordcr of 
the Legnminosas from Cassia. Both cotyledons of an oldish 
seedling, with the first true leaf partially nufoldul, were rubbed 
for 1 m. with a fine twig, and in 5 a. each rose 8i°J thoj 
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remained in this position for 15 m., but when looked at ogitin 
40m. after the ruhhing, each had fallen 14°. lioth cotyledons of 
aixitlier anil yo»ii|;cv *i diiiiL.- wnv li^lil!_v ioUm! in tins Mine 
manner for 1 m., and after an interval of 32 m. each had risen 
30°. Tliey were hardly at all sensitive to a fino jut of wafer. 
Tlio cotyledons of «. I'/anJii, an African water plant, ore thick 
aud fleshy; they are not sensitive and do nol to .-In p. 

Mimosa pudiea and ulbidn. — The blades of several cotyledons 
of lwth these plants were rubbed or slightly scratched with a 
nrodie during lm. or 2 m. ; but they did not move in the least. 
When, however, the pidvini of six eo-yledoiis of .V. pmlkit wore 
tlins Kf.-rntc-lici, 'wo of them v,-..re .-Ufd^y r.ii.rd. In these two 
eases perhaps the ptilvinns was accidentally pricked, for on 
pricking the pnlvinns of another cotyledon it rose a little It 
thus appears that the cotyledons of Mimosa are less sensitive 
than those of tho previously mentioned plants.* 

Uxiilis temilio /.—The bla lee and pulvini of two cotyledons, 
standing horizontally, were rubbed or rather tickled for 30s. 
with a fine split bristle, and in 10m. each had risen 48°; 
when looked at again in Sj m. after being nibbed they had 
risen 1 : ' ir.orc ; after oil uiidition.-t! niir.uti .- il cy iv t ro ; i?riiti ho;i- 
Eontnl. On hitting a pot rapidly with n stick for 1 m., the coty- 
ledons of two seedlings wi-rc considerably raised in the course 
of 11 m. A pot was carried a tittle distance on a tray and thus 
joltod; and tho cotyledons of four seedlings were all raised in 
10 m. ; after 17 m. one had risen 56°, a second ■lo", a third almost 
90 a , and a fourth DO". After an additional interval of 4Um. three 
of them had re-expanded to a considerable extent These ohser- 
v nt ions were made l« fore wo were a a Lire at wl tit an i-xl raordi- 
narily rapid rate the cotyledons cireuninutate, and aro therefore 
liable to error. Nevertheless it isextrcniely improbable that the 
cotyledons in the eight enses given, should nil liave been rising 
at tho time when they were irritnti'd. The cotyledons of "jctfi's 
Vatdioiana and rosea were rubbed and did not exhibit any 
sensitiveness. 

Finally, there seems to exist some relation between 



* The sole notice which wo 

n&B of cotyledons, related to' Mi- 
mosa: for Au_-, P. De Can* .11a 
•ays CHijg. Veg.,' 1BB3, torn. iL 



p. 8G5), "Ira colyl dnns Ju M 
tmili a Undent ii Be ja|.rod.er pai 
leers faces anpe'rituroa lortnu'on 
las irrite." 
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the habit of cotyledons rising vertically at night or 
going to sleep, and their sensitiveness, especially that 
of their pulvini, to a touch ; for all the above-named 
plants sleep at night. On the other hand, there are 
many plants the cotyledons of which sleep, and are 
not in the least sensitive. As the cotyledons of 
several species of Cassia are easily affected both by 
slightly diminished light and by contact, we thought 
that these two kinds of sensitiveness might be con- 
nected ; but this is not necessarily the case, for the 
cotyledons of Oxalis seiisitiva did not rise when kept 
on one occasion for 1£ h., and on a second occasion 
for nearly 4 h., in a dark closet. Some other coty- 
ledons, as those of Gitkugo segetum, are much affected 
by a feeble light, but do not move when scratched by 
a needle. That with the same plant there is some 
relation between the sensitiveness of its cotyledons 
and leaves seems highly probable, for the above de- 
scribed Smithia and Oxalis have been called sensitiva, 
owing to their leaves being sensitive ; and though the 
leaves of the several species of Cassia are not sensitive 
to a touch, yet if a branch be shaken or syringed 
with water, they partially assume their nocturnal de- 
pendent position. But the relation between the scn- 
litivoiHisa to contact of the cotyledons and of the 
leaves of tho same plant is not very close, as may be 
irilWred from the cotyledons of Mimosa pudica being 
only slightly sensitive, whilst the leaves are well 
known to bo so in tho highest degree. Again, the 
leavoN of %*««('<* okraaea are very sensitive to a 

I h, whilst the cotyledons do not appear to be so in 

uny degroo. 
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In order to see how the radicles of seedlings would 
pass over stones, roots, and other obstacles, which they 
must incessantly encounter in the soil, germinating 
beans {Viciafaba) were so placed that the tips of the 
radicles came into contact, almost rectangularly or 
at a high angle, with underlying plates of glass. In 
other casus the beans were turned about whilst their 
radicles wuru growing, at) that they descended nearly 
vertically on their own smooth, almost flat, broad upper 
surfaces. The delicate rout-cap, when it first touched 
any directly opposing surface, was a little flattened 
transversely ; the flattening soon became oblique, and 
in a few hours quite disappeared, the apes now point- 
ing at right angles, or at nearly right angles, to its 
former course. The radicle then seemed to glide in 
its new direction over the surface which had opposed 
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it, pressing on it with very little force. How fur such 
abrupt changes in its former course are aided by the 
circum nutation of the tip must tin left doubtful. Thin 
slips of wood were cemented on more or less steeply 
inclined glass-plates, at right angles to the radicles 
which were gliding down them. Straight lines had 
been painted along tins growing terminal part of some 
of these radicles, before they met the opposing slip 
of wood ; and the lines became sensibly curved in 2 h. 
after the apex had come into contact with the slips. 
In one case of a radicle, which was growing rather 
slowly, the root-cap, alter encountering a rough slip 
of wood at right angles, was at first slightly flat- 
tened transversely : after an interval of 2 h. 30 m. 
the flattening became oblique ; and after an addi- 
tional 3 hours the flattening hail wholly disappeared, 
and the apex now pointed at right angles to its former 
course. It then continued to grow in its new direc- 
tion alongside the slip of wood, until it came to the 
end of il, round which il bent rectangularly. Soon 
afterwards when coming tu the edge, of the plate of 
glass, i! was again bent at a large angle, and de- 
scended perpendicularly info the damp sand. 

When, as in the above cases, radicles encountered 
an obstacle at right angles to their course, the terminal 
growing part became curved for a length of between 
•;-! and -<1 of an inch (S-10 Dim.), measured from the 
apex. This was well shown by the black lines winch 
bad been previously painted on them. The first and 
most obvious explanation of the curvature is, that it 
results merely from the mechanical resistance to the 
growlh of flic radicle in its original direction. Never- 
theless, this explanation did not seem to us satisfactory. 
The radicles did not present the appearance of having 
been subjected to a sufficient pressure to account for 
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tncir curvature ; and Sachs has shown * that the 
growing part is more rigid than the part immediately 
above which has ceased to grow, so that the latter 
might have been expected to yield and become curved 
as soon as the apes encountered an unyielding object ; 
whereas it was the stiff growing part which became 
curved. Moreover, an object which yields with the 
greatest ease will deflect a radicle : thus, as we have 
seen, when the apex of the radicle of the beun 
enwmntered tin: piilisltwl surf aire uf ..! :• in !) thin 
tin-foil laid on soft sand, no impression was left on it 
yet the radicle became deflected at right angles. A 
second explanation occurred to us, namely, that even 
the gentlest pressure might check the growth of the 
apex, and in this case growth could continue only on 
one side, and thus the radicle would assume a rectan- 
gular form ; but this view leaves wholly unexplained 
the curvature uf tin: upjici' prirt, ("■sti'iiiiiiiy; fur a length 
of 8-10 mm. 

We were therefore lod to suspect that the apex 
was sensitive to contact, and that an effect was trans- 
mitted from it to the upper part of the radicle, which 
was thus excited to bend away frmn the touching object. 
As a little loop of fine thread hung on a tendril or 
on the petiole of a loaf-el nulling plant, causes it. to 
bend, we thought that any small hard object affixed 
to the tip of a radicle, freely suspended and growing 
in damp air, might cause it to bend, if it were sensitive, 
and yet would not offer any mechanical resistance to 
its growth. Full details will be given of the experi- 
ments which were tried, as the result proved remark- 
able. The fact of the apes of a radicle being sensil in: 
to contact haB never been observed, though, as we shall 



» ' Arbeiten Bot. Inrt. Wimbuig,' Hofl iii. 1873, p. 398. 
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hereafter see, Sachs discovered that the radicle ft little 
above the apex ia sensitive, and bends like a tendril 
towards the touching object. But when one side of the 
apes is pressed by any object, the growing part bends 
arcay from the object : and (his seems a beautiful 
adaptation for avoiding obstacles in the soil, and, as 
we shall see, for following the lines of least resistance. 
Mirny organs, when touched, bend in one fixed direc- 
tion, such as the stamens of Berberis, the lobes of 
Dionrea, &c ; and many organs, such as tendrils, whe- 
ther modified leaves or flower-peduncles, and some few 
stems, bend towards a touching object ; but no case, 
we believe, is known of an organ bending away from 
a Vouching object 

Sensitiveness of the Apex of the Radicle of Vicia fdba. 
— Common beans, after being soaked in water for 24 h., 
were pinned with the hilum downwards (in the manner 
followed by Sachs), inside the cork lids of glass- vessels, 
which were half filled with water; the sides and the 
cork were well moistened, and light was excluded. 
As soon as the beans had protruded radicles, some to a 
length of less than a tenth of an inch, and others to 
a length of several tenths, little squares or oblongs of 
card were affixed to (lie short sloping sides of their 
conical tips. The squares therefore adhered obliquely 
with reference to the longitudinal Axis of the radicle ; 
and tins is a very necessary precaution, for if the bits 
of card accidentally became displaced, or were drawn 
by the viscid matter employed, so as to adhere parallel 
to the side of the radicle, although only a little way 
above the conical apex, the radicle did not bend in 
the peculiar manner which we are here considering. 
Squares of ftbout the ^jth of an inch (i.e. about 1J mm.), 
or oblong bits of nearly the same size, were found to 
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be the most convenient and effective. We employed 
at first ordinary thin card, such as visiting cards, or 
bits of very thin glass, and various other objects ; but 
afterwards sand-paper was chiefly employed, for it was 
almost as stiff as thin card, and the roughened surface 
favoured its adhesion. At first wo generally used very 
thick gum-water ; and this of course, under the cir- 
cumstances, never dried in the least ; on the contrary, 
it sometimes seemed to absorb vapour, so that the hits 
of card became separated by a layer of fluid from the 
tip. When there was no such absorption and the card 
was not displaced, it acted well and caused the radicle 
to bend to tlie opposite side. I should state that 
thick gum-svater by itself induces no action. In most 
cases the bits of card were touched witli an extremely 
small quantity of a solution of shellac in spirits of 
wine, which had been left to evaporate until it was 
thick ; it then set hard in a few seconds, and fixed the 
bits of card well. When small drops of the shellac 
were placed on the tips without any card, they set into 
hard little beads, and these acted like any other hard 
object, causing the radicles to bend to the opposite 
side. Even extremely minute beads of the shellac 
occasionally acted in a slight degree, as will hereafter 
be described. But that it was the cards which chiefly 
acted in our many trials, was proved by coating one 
side of the tip with a little bit of goldbeaters' skin 
(which by itself hardly acts), and then fixing a bit of 
card to the skin with shellac which never came into 
contact with the radicle: nevertheless the radicle bent 
away from the attached card in the ordinary maimer. 

Some preliminary trials were made, presently to 
be described, by which the proper temperature was 
determined, and then the following experiments were 
made. It should be premised that the beans were 
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nlways fixed to the cork-lids, for the convenience of 
manipulation, with the edge from which the radicle 
und plumule protrudes, outwards; and it must be 
remembered that owing to what we have called Sachs' 
curvature, the radicles, instead of growing perpendi- 
cularly downwards, often bond somewhat, even us much 



Fin. 65. 
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Thin fr&a: A, radicle besrInninK to bend from the studied little squnrs 
of caiil ; B, bent nt » rectnncle; C, hunt into n circle or loop, with the 
lip beginning to lieml iluwowai-il.' thnmirti the action of geotropisin. 

as about 45° inwards, or under the suspended bean. 
The re Cure wlton :i s<[Uiin' <>;' r-,rA ivli- \o lln> hju's 

. in front, the bowing induced by it coincided with Sachs' 
curvature, antl could ho disiinjruishi'/l from it only by 
being more strongly proin.mnci.'d or by occurring more 
quickly. To avoid this source of doubt, the squares 
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were fixed either behind, causing a curvature in direct 
opposition to that of Sachs', or more commonly to the 
right or left sides. For the sake of brevity, we will 
speak of the bits of card, &c, as fixed in front, or 
behind, or laterally. As the chief curvature of the 
radicle is at a little distance from the apex, and as 
the extreme terminal and basal portions are nearly 
straight, it is possible to estimate in a rough manner 
the amoiini of curvature by an angle ; and when it is 
said that the radicle becunie deflected at any angle 
from the perpendicular, this implies that the apex was 
turned upwards by so many degrees from the down- 
ward direction which it would naturally have followed, 
and to the side opposite to that to which the card was 
affixed. That the reader may have a clear idea of the 
kind of movement excited by the bits of attached 
card, we append here accurate sketches of three ger- 
minating beans thus treated, and selected out of 
several specimens to show the gradations in the 
degrees of curvature. We will now give in detail a 
series of experiments, and afterwards a summary of 
the results. 

In tin: first 12 trial*, Utile soinLiv-v or oolong nf samlcd i.';ir.l, 
1-8 mm. in length, and 15 or only 0'9 mm. in breadth (i.e. 1371 
nt an inch iu itiirrth and Vu'J or v'dj of att inch in breadth; -xl-tc 
fixed with shellac to tho tips of the radicles. In the Enbect]uent 
trials tho little squares were only occasionally measured, but 
vv.yc of akmt Use nam.! si«:. 

(1.) A young radicle. 4 mm. in length, had a- card fixed be- 
hind : after if h. ikfiVrtcd in -.he plane in which the rVan is 
flattened, 50° from t!:c |:!r}i0h'.lkai!ar and from the card, and in 
oppoMlimi to Sachs' curvatnn: : no change next morning, '23 h. 
from the time of attachment, 

(2.) Badicle 5"5 mm. in length, card fixed behind: after 9b. 
deflected in the plane of the bean 2U C from tho perpendicular 
and from the card, and in opposition to Sachs' curvaturo : after 
23 h. no change 
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(8.) Hadicle 11 mm in length, card fixed behind: after 9b, 
deflected in tlio piano of the Iman 40 s from the perpendicular 
and from tlio card, and in apposition to Sachs' curvature. The 
tip of the radicle more curved than the upper part, but in the 
same plane. Alter 23 h. th« extreme fip was slightly bunt to- 
wards the card; the general curvature of the radicle remaining 
the same. 

(4.) Hadicle 9 mm. long, card fixed bohind and a iittlo 
laterally: after Oil. deflected in the plane of iho bean only 
about 7° or 8" frnni tlio perpendicular and from the card, in 
opposition to Sachs' curvature There was in addition a slight 
lateral curvature directed partly from the card. After 23 li. no 

(5.) Radicle 8 mm. long, card affixed almost laterally : after 
9h. deflected 30' from the perpendicular, in the piano of the 
bean and in oppuriiion to Sachs-,' eiin ature ; also deflected in a 
piano at right angles to the above one, 20° from the perpen- 

(G.) Radicle 9 mm. long, card affixed in front: after9h.de- 
flecteil in the plane of the bean about 40? from the vertical, 
away fnmi the card and in the direction of Sachs' curvature. 
Here therefore wo have no evidence of the card being the 
cause of the deflection, except that a radicle never moves 

i.T. ; Ka.llcle 7 ;,.ih. iiK, card ullUoa to the buck : alter » h. 
the terniinal part of the radicle difieetod in the plane of the 
bean 20" from the vertical, away from the card and in opposition 
to Sachs' curvature. After 32 b. 30 m. this part of the radiclo 
hod become straight. 

(8.) Hadicle 12 mm. long, card affixed almost laterally: after 
9 1l deflected laterally in a plane at right angles to that of tho 
bean between 40° and W from tho vertical and from the card. 
In the plane of tho bean itself tho d.tlcciion amounted to b° or 

(9.) Card fixed laterally : after 11 li. 30 m. no effect, the 
radicle boms "ill almost vertical. 

;10.i Car l lisefi almost laterally: after 11 h. 30m. deflected 
IMF from the vertical anil from the card, in a plane inter- 
mediate lietwcen that of the bean itself and on ft at right 



Digitized by Google 



Chap. HI. OF THE JiADICLE OF THE BEAN. 137 



angles to it. Radicle consequently partially deflected from 
kadis' eurval lire. 

(IT.) Tip of radirle ]irokn;ii-.l will) goldt*:jiti*i's' sit in, with 3 
square of card of the usual dimensions affixed with shellac: 
after 11 h. greatly deflected in the plane of the bean, in the 
direction of Sachs' curvature, but to a much greater degree and 
in less time than ever occurs spontaneously. 

(12.) Tip of radicle protected an in last case: after 11 h. no 
effect, but after 24 h. 40 m. radiclo clearly deflected from the 
card. This slow action was probably duo to a portion of tlio 
goldbeaters' skin Suiving euvlvd round iiiul ii'ditty io'.H'tml liie 
opposite side of the tip and thus irritated it. 

(13.) A radicle of considerable length had a small square of 
card filed with shellac to its apex laterally : after only 7 h. 15 m. 
a length of i of an inch from the apex, measured along the 
middle, was considerably ciirvi.l from the side bearing the card. 

(14.) Case like the last in all respects, except that a length of 
only '25 of an inch of the radicle was thus deflected. 

(15.) A small square of card Ihi^l with nK-Hiic to the apes of 
a young radicle ; after 9 h. 15 m. deflected through 'JO" from the 
perpendicular aud from the card. After 24 h. deflection much 
decreased, and after an additional day, reduced to 23° from the 
perpendicular. 

(lti.) Square of card fixed with shellac behind tho apes of a 
radicle, '.vliir.L iron) ir. : - n-ii i .:i t:,nin,: been cliunp.d during 
growth had become very crooked; but the terminal portion 
was straight, and this became deflected to about 45° from 
the perpendicular and from the card, in opposition to Sachs' 
curvature. 

(.17.) Square of caid affixed with Bhellac : after 8 h. radiclo 
curved at ri^lit anglrs from the perpendicular and from tliu 
card After 15 additional hours curvature much decreased. 

(18.) Square of card affixed with shellac: after 8h. no effect; 
after 23 h. 3 in. from time of affixing, radicle much curved from 
the square. 

(19.) Square of card affixed with shellac : after 24 h. no effect, 
but the radicle had not grown well and seemed sickly. 

(20.) Square of curd affixed with shellac : after 24 h, no effect. 

(21, 22.) Squares of card affixed with shellac: after 24 h.. 
radicles of both curved at about i-'r from the perpendicular and 
from tho cards, 

(23.) Square of card fixed with shellac to young radicle : after 
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9h. very slightly curved from tho card; nftcr 21 h. tip curved 
towards card. I £ v ■ 1 1 x ( i ) niit square lir'oiiil ly. ailcr '.J h. distinct ly 
carved from the card, ami after 24 h. curved at right angles frcm 
the perpendicular and from the card. 

(24) A rather largo oblong piece of card fixed with shellac to 
apex: after '11 h. no effect, hut 1 he card was found not to ho 
touching tho apex. A Email square was now refixed with 
shellac ; after lu' h, slight deflection from the perjiendicnlar 
at:d fi'nlu Hie card. Ailcr nr. addit inmU (Lay the radicie became 
almost straight. 

(25.) Square of card fixed laterally to apex of young radicle ; 
after 9 h. deflection from the perpendicular considerable ; after 
24h. deflection reduced. Refixed a fresh square with Bhellac: 
after 2-th. deflection about JO" from flic perpendicular and from 
the card. 

[2d.) A very small square of card fixed with shellac to apex of 
young radicle : after 9 h. the deflection from tho perpendicular 
and from the curd amounted in nearly n right angle; after 24 h. 
deflection much reduced ; iifti r :iu addi: i'lnal '11 h. radicle almost 
straight. 

(i!7.) Square (if card fixed with shellac fo apex of voting 
radicle : after U h. deflection from the card and from the perpen- 
dicular a right angle; next morning quite straight. liefixed 
a square laterally with shellac; after 9 h. a little deflection, 
which after 24 h. increased to nearly 20° from the perpendicular 
and from the card. 

<2i.) Square of card fixed with shellac; after 9 h. some 
deflection; next morning the card dropped off; refixed it with 
shellac; it [team !> came icose a nil was rclixed ; and now on tho 
third (rial the radicle was deflected affer I f h. at right angles 
from the card. 

(29.) A small square of card wa- iir»t fixed with thiol: gum- 
water to tho apex. It produced a slight effect but soon fell 
■iff. A similar si nia.ro was now affixed laterally with shellac: 
after 'J fi. the radicle was delected nearly br from the perpen- 
dicular anil from the card. Afler iifi additional hours angle of 
deflection reduced to almut 30". 

(30.) A very small piece, less than J-,tl] of an inch square, of 
thin tin-foil fixed with shellac lo tho apes of a young radicle ; 
after 24h.no effect. Tin-foil removed, and a small square of 
sandod card fixed with shellac; after 9h. deflection at nearly 
right angles from the perpendicular and from the card. Next 
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morning deflection reduced lo about 40° from thu perpen- 
dicular. 

(31.) A splinter of thin glass gummed to apex, after 9 b. no 
cft'oct, but it was flu;)! found not lo be touddng tin: apex of the 
radicle. Next morning a square of card was fixed with sheliao 
to it, and after 9 h. radicle greatly deflected from the card. 
AfU.r two additional ilnys tlio defection hail deriui-e-.i mid Was 
tin L v i<D ; tioin fhu perpendicular. 

t.ifii.) Small square of sanded card, af.hiched with thick gum- 
w-iiter laterally lo tiie apex of a lung strnigU mdicle: after 9 h. 
greatly deflected from the perpendicular and from the card. 
Curvature extended for a length of 22 of an inch from the 
apex. After .H additional hours terminal portion deflected at 
right angles from the perpendicular. Next morning the curved 
portion was '3u in length. 

(33.) Square of card gummed to ajiex : after 15 h. deflected at 
nearly 90° from the perpendicular and from the card. 

(31.) Small oblong of sanded curd emumiod to apex: after 
15 h. deflected MP from the perpendicular and from the card: 
in the course of the three following days the terminal portion 

(35.) Square of curd gummed io apex: after 9 h. deflected from 
card: after 24 h. from time of attachment greatly deflected 
obliquely and parl!y in opposition lo Sachs' curvuturo. 

(36.) Small piece of card, rather less than J^th of on inch 
square, gummed to upex; in it Is. considerably defied od from 
card and in opposition to Sachs" curvature; alter 24 h. greatly 
deflected in the same direction. After an additional day the 
extreme tip was curved towards the curd. 

(37.) Square of cord, gummed to apex in front, caused after 
8 h. 30 m. hardly any effect; reiixed fresh square laterally, after 
15 h. deflected almost 'JtP from the perpendicular and from the 
card. Alii r '2 addit i-.ninl day- dvth.': ion much mlueed. 

(3B.) Square of card gummed to apex: after 9 h. much deflec- 
tion, which after '2i b. from time of fixing increased to nearly 
90°. After an additional d;iy b-rminal portion was curled inlo 
a loop, and on the following day into a helix. 

(B9.) Small oblong piece of card gummed to apex, nearly in 
front, but a little to one side; in 9 h. slightly deflected in the 
direction of Sachs' curvature, but rather obliquely, and to 
side opposito to card. Next day more curved in tho same 
direction, ami after 2 additional day? ceiled into a ring. 
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(40.) Square of card gummed to nf.cs: arter !t h. sljplitly 
curved fram card ; next nuiniint: vadu'lc straight, and apei had 
grown beyond the curd, lleiixed another H]iiaro laterally with 
•hellac; in 9 h. deflected laterally, but also in the direction of 
Rin'tis' curvature. Afti-r 2 midiiiiuiiil days' cuivature consider- 
ably increased in the same direction. 

(■11.) Little square of tin-foil iixc.l with gum to one side of 
apex of n young :i;m1 s!n>it radi'-lc: after l'> li.no effect, but 
tin-foil had become displaced. A little square of card was now 
gummed to one side of ujn-x. which after S li. JO m. was slightly 
deflected ; in 21 h. Trom the timo of attachment deflected at SKI" 
from the perpendicular and from (lie card ; after it additional 
hours beeamc hooked, with the ajiex pointing to the zenith. In 
3 days from the time of attachment tlic terminal portion of the 
radicle tV>v d a ring or circle. 

(42.) A little square of thick letter-diaper gummed to the 
apex of a radicle, which after 9 b. was deflected from it. In 
21 h. from time wben the paper was affixed the deflection much 
increased, and after ii additional days it amounted to otf from 
the perjieiidicitliir and from the ]«]ier. 

(43.) A narrow chip of a quill n an fixed with shellac to the 
apex of a radicle. After 9 h. no effect; after 24 h. moderate 
deflection, but now the quill bad cciiaed to tonch the apex. 
Itemovcd quill and gummed a little square of card to apex, 
which after 8 h. caused slight detiection. On the fourth day 
from the Bret attachment of any object, the extreme tip was 
curved towards the card. 

(44.) A rather long and narrow splinter of extremely thin 
fihifiK, fiscd with shellac to apex, it caused in 9 h. slight 
deflection, which disappeared in 24 h.; the splinter was (hen 
found not touching the apex. It was twice relixed, wiih nearly 
similar results, that is, it caused slight deflection, which soon 
disappeared. On the fourth day from the time of first attach- 
ment the lip was bunt towards the splinter. 



From these experiments it is clear that the npex of 
the radicle of the bean is sensitive to contact, and 
that it causes the upper part to beiwl away from the 
touching object. But before giving a Siimmaty of the 
results, it will be convenient "briefly to give a few other 
observations. Bits of very I bin glass and little squares 
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of common card were affixed with thick gum-waier to 
the tips of tlie radicles of seven beans, as a pre- 
liminary trial. Six of these were plainly acted on, 
and in two cases the radicles became coiled up into 
complete loops. One radicle was curved into a semi- 
circle in so short a period as G h. 10 m. The 
seventh radicle which was not affected was apparently 
sickly, as it became brown on the following day ; so 
that it formed no real exception. Some of these trials 
were made in the early spring during i^ild weather in 
a sitting-room, and others in a greenhouse, but the 
temperature was not recorded. These six striking 
cases almost convinced ns that tbo apex was sensitive, 
but of course we determined to uuiko many more trials. 
As we had noticed that the radicles grew much more 

quickly when subjected tu < si durable heat, and as 

we imagined that heat would increase their sensitive- 
ness, vessels with germinating beans suspended in 
damp air were placed on a chimney-piece, where they 
were subjected during the greater part of the day to a 
temperature of between (J!) a and 72° F.; some, how- 
ever, were placed in the hot-house where the tempera- 
ture was rather higher. Above two dozen beans were 
thus tried; and when a square of glass or card did 
not act, it was removed, and a fresh one affixed, this 
being often done thrice to the same radicle. There- 
fore, between live it ud six du/.on trials were" altogether 
made. But there was moderately distinct deflection 
from the perpendicular and from the attached object 
in only one radicle out of this large number of cases. 
In five other eases there was very slight and doubtful 
deflection. We were astonished at this result, and 
concluded that we had made some inexplicable mis- 
take in the first six experiments, But before finally 
relinquishing the subject, we resolved to make one 
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other trial, for it occurred to us that sensitiveness ia 
easily affected by external conditions, and that radicles 
growing naturally in. the earth in the early spring 
would nut In; subjected t<> a trriiifn--rnt.il re nearly so 
high as 70° F. We therefore allowed the radicles 
of 12 beans to prow at a temperature of between 
55" and CO" F. The result was that in every one of 
these cases (included in the above-described experi- 
ments) the radicle was deflected in the course of a few 
hours from the attached object. All the above re- 
corded successful trials, and some others presently to 
be given, were made in a sitting-room at the tempera- 
tures just specified. It therefore appears that a tem- 
perature of about, or rather above, 7U' F. destroys 
the sensitiveness of the radicles, either directly, or 
indirectly through abnormally accelerated growth ; 
and this curious fact probably explains why Sachs, 
who expressly states that his beans were kept at a 
high temperature, failed to detect the sensitiveness of 
the apex of the radicle. 

But other causes interfere with this sensibility. 
Eighteen radicles were tried with little squares of 
sanded card, some affixed with shellac and some with 
gum-water, during the few last days of 1S78, anil few 
first days of the next year. They were kept in a room 
at the proper temperature during the day, but were 
probably too cold at night, as there was a hard frost at 
the time. The radicles looked healthy but grew very 
slowly. The result was that only 0 out of the 18 
were deflected from the attached cards, and this only 
to a slight degree and at a very slow rate. These 
radicles therefore presented a striking contrast with 
the 44 above described. On March 6th and 7th, when 
the temperature of the room varied between 53° and 
59' F., eleven germinating beans were tried in the 
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same manner, and now every one of the radicles 
became curved away from the cards, though one was 
only slightly deflected. Some horticulturists believe 
that pertain kinds of seeds will not germinate pro- 
perly in the middle of the winter, although kept at a 
right temperature. If there really is any proper period 
for the germination of the bean, the feeble degree of 
sensibility of the above radicles may have resulted 
from the trial having been made in the middle of the 
winter, ami not simply from the nights being too cold. 
Lastly, the radicles of four beans, which from some 
innate cause germinated later than all the others of 
the same lot, and which grew slowly though appearing 
healthy, were similarly tried, and even after 24 h. they 
were hardly at all deflected from the attached cards 
We may therefore infer that any cause which renders 
the growth of the radicles either slower or more rapid 
than the normal rate, lessens or annuls the sensibility 
of their tips to contact. It deserves particular atten- 
tion that when the attached objects failed to act, there 
was no bending of any kind, excepting Sachs' curva- 
ture. The force of our evidence would have been 
greatly weakened if occasionally, though rarely, the 
radicles had become curved in any direction inde- 
pendently of the attached objects. In the foregoing 
ii umbered paragraphs, however, it mav be observed 
that the extreme tip sometimes beemne^, after a con- 
siderable interval of time, abruptly curved towards the 
bit of card ; but this is a totally distinct phenomenon, 
as will presently be explained. 

Summary of the Besvlta of the foregoing Experiments 
on the Eodides of Vieia faba. — Altogether little squares 
(about 2 \jth of an inch), generally of sanded paper 
as Btiff as thin card (between -15 and - 20 mm. in 
thickness), sometimes of ordinary card, or little frag- 
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ments of very thin glass, &c, were affixed at different 
times to one side of the eonieal tips of 55 radicles. 
The 11 last-mentioned cases, but not the preliminary 
ones, are here included. The squares, &c, were most 
commonly affixed with shellac, but in 19 cases with 
thick gum-water. When the latter was used, the 
squares were sometimes found, as previously stated, 
to be separated from the apex by a layer of thick 
fluid, so that there was no contact, and conse- 
quently no bending of the radicle ; and such few 
cases were not recorded. But in every instance in 
which shellac was employed, unless the square fell 
off very soon, the result was recorded. In several 
instances when the squares became displaced, so as 
to stand parallel to the radicle, or were separated by 
fluid from the apex, or soon fell off, fresh squares 
were attached, and these cases (described under the 
ninnbmd ]i;u';iir!';q>h,-0 uiv hove Included. Out of 
55 radicles experimented on under the proper tempe- 
rature, 52 became bent, Ltrnwally to it considerable 
extent from the jierpendieulur, and away from the 
side to wbich the object was attached. Of tbe three 
failures, ono can- be accounted for, as the radicle 
became sickly on the following day; and a second 
was observed only during 11 h. 30 m. As in several 
cases the terminal growing part of the radicle continued 
for some time to bend from the attached object, it 
formed itself into a hook, with (lie upex pointing to 
tho zenith, or even into a ring, and occasionally into a 
spire or helix. It is remarkable that these latter cases 
occurred more frequently when objects wore attached 
with thick gum-water, which never became dry, than 
when shellac was emplojed. The curvature was often 
well-marked in from 7 h. to 11 h. ; and in one instanco 
a semicircle was formed in 0 h. 10 m. from the time 
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kept at not too high or too low a temperature, and 
apparently that the trials should not l>e made in' the 
middle of the winter. 

In ten instances, radicles which had curved away 
from a square of card nr ollif-r object nlhiched to llirir 
tips, straightened themselves to a certain extent, or 
even completely, in the course of from one to two days 
from the time of attachment. This was more espe- 

But hi one instance (No. 27) a radicle which in % h. 
had been deflected about Bl>' from the perpendicular, 



straight in -18 h. We at first attributed 1 lie straighten- 
ing process to the radicles becoming accustomed to a 
slight stimulus, in the same manner as a tendril or 
sensitive petiole becomes accustomed to a very light 
loop of thread, and unbends itself though the loop 
remains still ssiHjK'iidud; but Sachs states * thai radicles 
of the bean placed horizontally in damp air after 
curving downwards through gcotropism, straighten 
themselves a little by growth along their lower or 
concave sides. Why this should occur is not clear: 
but perhaps it likewise occurred in the abovo ten 
cases. There is another occasional movement which 
must not be passed over: the tip of the radicle, for a 
length of from 2 to 3 mm., was found in six instances, 



• 'Arboilca Bot. Inatit., Wuraburg,' U«fl iii. p. 45& 
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after an interval of about 24 or more hours, bent 
towards the bit of still attached card,— that is, in a 
direction exactly opposite to the previously induced 
curvature of the whole growing part for a length of 
from 7 to S mm. This occurred chiefly when the first 
curvature was small, and when an object had been 
affixed more than once to the apex of the same rudicle. 
The attachment of a bit of card by shellac to one 
side of the tender apex may sometimes mechanically 
prevent its growth ; or the application of thick gum- 
water more than once to the same side may injure it ; 
and then checked growth on this side with continued 
growth on the opposite and unaffected side would 

Various trials were made for ascertaining, as far 
as we could, the nature and degree of irritation to 
which tho apex must be subjected, in order that the 
terminal growing part should bend away, as if to 
avoid the cause of irritation. We have seen in the 
numbered experiments, that a little square of rather 
thick letter-paper gummed to the apex induced, 
though slowly, considerable deflection. Judging from 
several cases in which various objects had been affixed 
with gum, and had soon become separated from the 
apex by a layer of lluitl, us wtrll us from some trials 
in which drops of thick gum-water alone had been 
applied, this fluid never causes bending. We have 
til.su siiiiii in tin; numbered wpenme-ntt* thai narrow 
■splinters of quill and of vory thin glass, affixed with 
shellac, caused only a slight degree of deflection, and 
this may perhaps have been due to the shellac 
itself. Little squares of goldbeaters' skin, which is 
excessively thin, were damped, and thus made to 
adhere to one side of the tips of two radicles ; one of 
these, after 2i h., produced no effect; nor did the 
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other in 8 h., within which time squares of card usually 
act; but after 24 h. there was slight deflection. 

An otsI bead, or rather cake, of dried shellac, 
1-01 mm. in length and 0"(!3 in breadth, caused a 
radicle, to become defected at nearly right angles in 
the course of only 6 h. ; but after 23 h. it had nearly 
straightened itself. A very smail quantity of dissolved 
shellac was spread over a hit of card, and the tips of 
'.) radicles ivere touched laterally with it; only two of 
them became slightly deflected to the side opposite 
to that bearing the speck of dried shellac, and they 
afterwards straightened themselves. These specks 
were removed, and both together weighed less than 
Ti^jth of a grain ; so that a weight of rather less 
than sfojth of a grain (0-32 mgs.) sufficed to excite 
movement in two out of the nine radicles. Here 
then wo have apparently reached nearly the minimum 
weight which will act. 

A moderately thick bristle (which on measurement 
was found rather flattened, being ()-'■',',', mm. in one 
diameter, and 0*20 mm. in the other) was cut into 
lengths of about 2 l 0 th of an inch. These after being 
touched with thick gum-water, were placed on the tip 
of eleven radicles. Three of them were affected ; one 
being deflected in 8 h. 15 m. to an angle of about 90° 
from the perpendicular ; a second to the same amount 
when looked at after 9 h. ; but after 24 h. from the 
time of first attachment the deflection had decreased 
to only ID"; the third was only slightly deflected 
after 9 h., and the bit of bristle was then found not 
touching the apex; it was replaced, and after 10 
additional hours the d-dloction anunnitcd to 2<i : from 
the perpendicular. . The remaining eight radicles 
were not at all acted on by the hits of bristle, so that 
we here appear to have nearly reached the minimum 
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of size of an object which will act on the radicle of 
tho Iwan. But it is remarkable that when the bits of 
bristle did act, that they should have acted so quickly 
niid efficiently. 

As the apex of a radicle in penetrating the ground 
must be pressed on all sides, we wished to learn 
whether it could distinguish between harder or more 
resisting, and softer substances. A square of the sanded 
paper, almost as still' as curd, and a square of extremely 
I ii in paper (too thiu for writing on), of exactly the 
same sine (about n^th of an inch), were fixed with 
Bhelhiu on opposite sides of the apices of 12 suspended 
radicles. Tho sanded card was between 0' 15 and 
0 ■ 20 mm. (or between 0 ■ 0059 and 0 ■ 007!) of an inch), 
and the thin paper only 0-045 mm. (or 0-00170 of an 
inch) in thickness. In S out of the 12 cases there 
could be no doubt that the radicle was deflected from 
the side to which the card-like paper was attached, and 
towards the opposite side, hearing the very thin paper. 
This occurred in sonic instances in 9 h., but in others 
not until 24 h. bad elapsed. Moreover, some of the 
four failures can hardly be considered as really failures : 
thus, in one of them, in which the radicle remained 
quite straight, the square of thin paper was found, 
when both were removed from the apex, to have been 
so thickly coated with shellac that it was almost as 
stiff as the card: in the second case, the radicle was 
bent upwards into a semicircle, but the deflection 
was not directly from the side bearing the card, and 
this was explained by the two squares having become 
cemented laterally together, forming a sort of stiff 
gable, from which the radicle was deflected : in the 
thiid case, the square of card had been fixed by 
mistake in front, and though there was deflection 
from it, this might have been due to Sachs' curvature . 
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in the fourth case alone no reason could be assigned 
why the radicle had not been at all deflected. These 
experiments suffice to prove that the apex of the 

niinatiug between thin card and very thin paper, and 
is deflected from the side pressed by the more re- 
sisting or harder substance. 

Some trials were next made by irritating the tips 
without any object being left in contact with them. 
Nine radicles, suspended over water, had their tips 
rubbed, each six times with a needle, with sufficient 
force to shake the whole bean ; tbe temperature was 
favourable, viz. about 63° P. In 7 out of these cases 
no effect whatever was produced ; in the eighth case 
tho radicle became slightly deflected from, and in the 
ninth case slightly deflected towards, the rubbed side : 
but these two latter opposed curvatures were probably 
accidental, as radicles do not always grow perfectly 
straight downwards. The tips of two oilier radicles 
were rubbed in the same manner for 15 seconds with 
a little round twig, two others for 3D seconds, and two 
others for 1 minute, hut without any effect being pro- 
duced. We may therefore conclude from these 15 
trials that the radicles are not sensitive to temporary 
contact, but are acted on only by prolonged, though 
very slight, pressure. 

Wo then tried the effects of cutting off a very thin 
slice parallel to one of the sloping sides of the apex, 
as we thought that the wound would cause prolonged 
irritation, which might induce bending towards tlio 
opposite side, as in the case of an attached object. 
Two preliminary trials wore made : firstly, slices were 
cut from the radicles of 6 beans suspended in damp 
air, with a pair of scissors, which, though sharp, 
probably caused considerable crushing, and no curva- 
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ture followed. Secondly, thin sliues were cut with a 
razor obliquely off the tips of three radicles similarly 
suspended ; and after 44 h. two were found plainly 
bent from the sliced surface ; and the third, the whole 
apes of which had been cut oft' obliquely by accident, 
was curled upwards over the bean, but it was not 
clearly ascertained whether the curvature had been at 
first directed from the cut surface. These results led 
us to pursue the experiment, and 18 radicles, which 
had grown vertically downwards in damp air, had ono 
side of their conical tips sliced oft' with a razor. The 
tips were allowed just to eater the water in the jars, 
and they were exposed to a temperature H^-IU 3 C. 
(57 J -61° F.). The observations were made at dif- 
ferent times. Three were examined 12 h. after being 
sliced, and were all slightly curved from the cut 
surface; and the curvature increased considerably after 
an additional 12 h. Eight, were examined after 19 h. : 
four after '22 h. 30 m. ; and three after 25 h. The 
final result was that out of the 18 radicles thus tried, 
13 were plainly bent from the cut surface after the 
above intervals of time ; and one other became so 
after an additional interval of 13 h. 30 ni. So that 
only 4 out of the 18 radicles were not acted on. To 
these 18 cases the 3 previously mentioned ones should 
be added. It ni;iy, tlieretore, U; concluded that a thin 
slice removed by a razor from one side of the conical 
apex of the radicle causes irritation, like that from an 
attached object, and induces curvature from the injured 
surface. 

Lastly, dry caustic (nitrate of silver) was employed 
to irritate one side of the apex. If one side of the 
apex or of the whole terminal growing part of a 
radicle, is by any means killed or badly injured, the 
other side continues to grow; and this causes the pan 
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to bend over towards the injured side.* But i: the 
following experiments we endeavoured, generally with 
success, to irritate the tips on one side, without ladly 
injuring them. This was effected by first drying the 
tip as far as possible with blotting-paper, though it still 
remained somewhat damp, and then touching it once 
with quite dry caustic, Seventeen radicles were thv.s 
treated, and were suspended in moist air over water at 
a temperature of 58' J) 1 . They were examined after 
an. interval of 21 h. or 24 h. The tips of two were 
found blackened equally all round, so 1 hut they could 
tell nothing and were rejected, 15 being left. Of 
these, 10 were curved from the side which had been 
touched, where then; was a minute brown or blackish 
mark. Five of these radicles, three of which were 
already slightly deflected, were allowed to enter the 
water in the jar, and were rc-oxamincd after an addi- 
tional interval of 27 h. (i.e. in 48 h. after the appli- 
cation of the caustic), and now four of them had 
become hooked, being bent from the discoloured side 
with their points directed to the zenith; the fifth 
remained uiiaffu-tc'l :iiid straight. Thus 11 radicles 
out of the 15 were acted on. But the curvature cf 
the four just described was so plain, that they alone 
would have sufficed to show that the radicles of tho 
bean bend away from that side of the apex which has 
been slightly irnlatod liy caustic. 

Tiie power of an Irritant on the apex of the Radicle 
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of Hie Bean, compared, with that of Geotropism,. — We 
know that when a little square of card or other 
object is fixed to one side of the tip of a vertically 
dependent radiolo, tin; growing part bumls from it 
often into a semicircle, in opposition to geotropism, 
which force is conquered by the effeet of the irri- 
tation from the attain 1 '! object. Hadicles were there- 
fore extended horizontally in damp air, kept at 
the proper low temperature for full sensitiveness, 
and squares of card were affixed with shellac on the 
lower sides of their tips, so that if the squares 
acted, the tenninal growing part would curve upwards. 
Firstly, eight beans were so placed that their short, 
young, horizontally extended radicles would be simul- 
taneously acted on both by geotropism and by Sachs' 
curvature, if the latter came into play ; and they all 
eight became bowed downwards to the centre of the 
earth in 20 h., excepting one which was only slightly 
noted oil. Two of them wore a little bowed downwards 
in only 5 h. ! Therefore the cards, affixed to the lower 
sides of their tips, seemed to produce no effect; and 
geotropism easily conquered the effects of the irritation 
thus caused. Secondly, 5 oldish radicles, 1£ inch in 
length, and therefore less sensitive than the above- 
mentioned young ones, were similarly placed and 
similarly treated. From what has been seen on many 
other occasions, it may be safely inferred that if they 
had been suspended vertically they would have bent 
away from the cards ; and if they had been extended 
horizontally, without cards attached to them, they 
would have quickly bent vertically downwards through 
geotropism; but the result was that two of these 
radicles were still horizontal after 23 h. ; two were 
curved only slightly, and the fifth as much as 40° 
beneath the horizon. Thirdly, 5 beans wore fastened 
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with their flat surfaces parallel to the cork-lid, so that 
Sachs" curvature would not tend to make the hori- 
zontally extended radicles turn either upwards or 
downwards, and little squares of card were affixed as 
before, to the lower sides of their tips. The result 
was that all five radicles were bent down, or towards 
the centre of the earth, after only 8 h. 20 m. At 
the same time and within the same jars, 3 radicles of 
the same age, with squalls affixed to one side, were 
suspended vertically ; and after 8 h. 20 m. they were 
considerably deflected from the cards, and therefore 
curved upwards in opposition to gcotropisni. In these 
latter cases the irritation from the squares had over- 
powered geofropis.ni ; whilst in the Conner cases, in 
which the radicles were extended horizontally, geo- 
tropism had overpowered the irritation Thus within 
the same jars, some of the radicles were curving 
upwards and others downwards at the same time — 
these opposite movements depending on whether the 
radicles, when the squares wen: first attached to them, 
projected vertically down, or were extended horizon- 
tally. This difference in their behaviour seems at first 
inexplicable, but can, we believe, be simply explained 
by the difference between the initial power of the two 
forces under the above circumstances, combined with 
the well-known pnneipli' of tin- al'icr-f tl'^cts of a sli- 
muhis. "\\ hen a young ruid sensitive radicle is uxtondwl 
horizontally, with a square attached to the lower side 
of the tip, geotropistn acts on it at right angles, and, 
as we have seen, is then evidently more efficient than 
the irritation from the square : ami the power of geo- 
tropism will be strengthened at each successive period 
by its previous action — that is, by its after-effects. 
On the other hand, when a square is affixed to a 
vertically dependent radicle, and the apex begins to 
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curve upwards, this movement will be opposed by geo- 
tropism acting only at a very oblique angle, and the 
irritation from the card will be strengthened by its 
previous action. Wo may therefore conclude that the 
initial power of an irritant on the apex of the radicle 
of tho bean, is less than that of geotropism when 
acting at right angles, but greater than that of geo- 
tropisnt when acting obliquely on if. 

Sensitiveness of the Hps of the Seoottdary Radicles of the 
Bean to contact. — All the previous obsei-vatiotis relate 
to the main or primary radicle. Some beana suspended 
to cork-lids, with their radicles dipping into water, had 
developed secondary or lateral radicles, which were 
afterwards kept in very damp air, at tho proper low 
temperature for full sensitiveness. They projected, 
as usual, almost horizontally, with only a slight 
downward curvature, and retained this position 
during several days. Sachs has shown* that these 
secondary roots are acted on in a peculiar manner by 
geotropism, so Unit if displaced they reassume their 
former sub-horizontal position, and do not bend verti- 
cally downwards like the primary radicle. Minute 
squares of the stiff sanded paper were affixed by 
means of shellac (but in some instances with thick 
gum-water) to the tips of ;>!) secondary radicles of 
different ages, generally the uppermost ones. Most 
of (he squares wove fixed to the lower sides of the apex, 
so that if they acted the radicle would bend upwards ; 
but some were fixed laterally, and a few on the upper 
side. Owing to the extreme tenuity of these radicles, 
it was very difficult to attach the square to the 
actual apex. Whether owing to this or some other 
circumstance, only nine of the squares induced any 
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curvature. Tho curvature amounted in some cases to 
about 45" above tin: horizon, in others to 90°, and then 
the tip pointed to the zenith. In one instance a 
distinct upward curvature was observed in 8 b. 15 m., 
but usually not until 24 h. bad elapsed. Although 
only 9 out of 39 radicles were affected, yet the curva- 
ture was so distinct in several of them, that there could 
be no doubt that the tip is sensitive to slight contact, 
ami that the griming part bonds away from the touch- 
ing object. It is possible that some secondary radicles 
are more sensitive than others ; for Sachs has proved * 
the interesting fact that each individual secondary 
radicle possesses ils own peculiar constitution. 

Scnsitiveiuxs to contact of the Primary Radide, a Utile 
above the apex, in the Bean ( Viciafaha) and Pea {Pisam 
v.divuM).— The Sf-nsitivoii'-.w i.l (In- api-x at' tho radicle 

curvature of the upper part from the touching object 
or other source of irritation, is the more remarkable, 
because Sachs t has shown that pressure at the distance 
of a few millimeters above the apex causes the radicle 
to bend, like a tendril, towards the touching object. 
By fixing pins so that they pressed against the radicles 
of beans suspended vertically in damp air, we saw tins 
kind of curvature ; hut rubbing the part with a twig 
or needle for a few minutes produced no effect. Habcr- 
landt remarks,! that these radicles in breaking through 
the seed-coats often rub and press against the ruptured 
edges, and consequently bend round them. As little 
squares of the card-like paper affixed with shellac to 
the tips were highly efficient in causing the radicles 
to bend away from them, similar pieces (of about -^th 

* 1 Arlwili'H But. Ijislif., Vara- J ' DivgrhiitziniiriiilitungGD del 
bllrc,' Heft, if. IS? I. p. Kr.::i,-.,i::t:u'.'; 1K77, [>- 'lH. 
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inch square, or rather iesi) wore attached in the same 
manner to one side of the radicle at a distance of 3 or 
4 mm. above the apex. In our first trial on 15 radicles 
no effect was produced, in a second trial on the same 
number, three became abruptly curved (but only one 
strongly) towards the card within 24 h. From these 
I'ases we niiiv inter that the pressure, from a bit of card 
iiilixiid with shellac to "iii; side above the apex, is hardly 
a sufficient irritant ; but that it occasionally causes the 
radicle to bend like a tendril towards this side. 

We next tried the effect of rubbing several radicles 
at a distance of 1 mm. from the apex for a few seconds 
with lunar caustic (nitrate of silver) ; and although the 
radicles had been wiped dry and the stick of caustic 
was dry, yet the part rubbed was much injured and a 
slight permanent depression was left. In such cases 
the opposite side continues to grow, and the radicle 
necessarily becomes bent towards the injured side. 
But wheu a point ■!■ nun. from the apes was momen- 
tarily touched with dry caustic, it was only faintly 
discoloured, and no pevifiam-'iu injury was caused. This 
was shown by several radicles thus treated straighten- 
ing themselves after one or two days ; yet at first they 
became curved towards the touched aide, as if they had 
been there subjected to slight continued pressure. 
These cases deserve notice, because when one side of 
the apex was just touched with caustic, the radicle, as 
we have seen, curved itself in an opposite direction, that 
is, away from the touched side. 

The radicle of the common pea at a point a little 
above the apex is rather more sensitive to continued 
pressure than that of the bean, and bends towards the 
"de* Wo experimented on a variety (York- 

, • Aiboiion Dot. Inslitut, WUrzburg,' Heft iii. p. 438. 
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thire Hero) which has a much wrinkled tough skin, 
too large for the included cotyledons ; so that out of 
yO peas which had been soaked for 24 h. and allowed 
to germinate on damp sand, the radicles of throe were 
unable to escape, and were crumpled up in a strange 
manner within the skin ; four other radicles were 
abruptly bent round the edges of the ruptured skin 
against which tbey had pressed. Such abnormalities 
would probably never, or very rarely, occur with forms 
developed in a state of nature and subjected to natural 
selection. One of the four radicles just mentioned in 
doubling backwards came into contact with the pin 
by which the pea was fixed to the cork-lid ; and now it 
bent at right angles round the pin, in a direction quite 
different from that of the first curvature due to contact 
with tlio ruptured skin ; and it thus afforded a good 
illustration of the tendril-like sensitiveness of the 
radicle a little above the apes. 

Little squares of the card-like paper were nest 
affixed to radicles of the pea at 4 mm. above the apex, 
in the same manner as with the bean. Twenty-eight 
radicles suspended vertically over water were thus 
treated on different occasions, and 13 of them became 
curved towards the cards. The greatest degree of 
curvature amounted to (S2 3 from the perpendicular; 
but so large an angle was only once formed. On one 
occasion a slight curvature was perceptible after 5 h. 
45 m., and it was generally well-marked after 14 h. 
There can therefore be no doubt that with the pea, 
irritation from a bit of card attached to one side of the 
radicle above the apex suffices to induce curvature. 

Squares of card were attached to one side of the tips 
of 11 radicles within the same jars in which the above 
trials were made, and five of them became plainly, 
and one slightly, curved away from this side. Other 
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analogous cases will be immediately described. The 
fuel ii here mentioned because it was a striking spec- 
tacle, showing the difference in the sensitiveness of 
the radicle in different parts, to behold in the same 
jiiv lino set of radicles curved away from the squares on 
their tips, and another set curved towards the squares 
attached a little higher up. Moreover, the kind of 
curvature in the two cases is different. The squares 
attached above the apex cause the radicle to bend 
abruptly, the part above and beneath remaining nearly 
straight; so that here there is little or no transmitted 
effect. On the other hand, the squares attached to 
the apex a fleet the radicle for a length of from about 
4 to even 8 mm., inducing in most cases a sym- 
metrical curvature; so that here some influence is 
transmitted from the apex for this distance along the 
radicle. 

Pisum sativum (var. Yorkshire JL-ro) : Sensitiveness of 
the ajiex of tlie Radicle.— Little squares of the same card- 
like paper were affixed (April 24th) with shellac to 
one side of the apex of lOvertically suspended radicles: 
the temperature of the water in the bottom of the jars 
was 60°-Gl° F- Most of these radicles were acted on 
in 8 h. 30 in. ; and eight of them became in the course 
of 24 h. conspicuously, and the remaining two slightly, 
deflected from the perpendicular and from the side 
bearing the attached squares. Thus all were acted on ; 
but it will sufliee to describe two conspicuous cases. 
In one the terminal portion of the radicle was bent at 
right angles (A, Fig. Gfi) after 24 h. ; and in the other 
(B) it had by this time become hooked, with the apex 
pointing to the zenith. The two bits of card here used 
were -07 inch in leugth and -04 inch in breadth. Two 
other radicles, which after 8 h. 30 m. were moderately 
deflected, became straight again after '!■[ h. Another 
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trial was made in the same manner with 15 radicles; 
but from circumstances, not worth explaining, they 
were only once and briefly examined after the short 
Kg. ee. 




notes " almost ;dl bent. nliglit.lv i'rma I lie perpeiiilienliir, 
and away from the squares ; the deflection amounting 
in one or two instances to nearly a rectangle." These 
two sets of cases, especially the first one, prove that 
the apex of the radicle is sensitive to slight contact 
and that the upper part bends from the touching 
object. Nevertheless, on June 1st and 4th, 8 other 
radicles wore tried in the same maimer at a tempera- 
ture of 58°-60° F., and after 24 h only 1 was decidedly 
lent from the card, 4 slightly, 2 doubtlullv, and 1 not 
in the least. The amount of curvature was unaccount- 
ably small ; but all the radicles which were at all bent, 
wow bent away from the cards. 

now tried ilie effects of widely dillevenl tempera- 
tures on the sensitiveness of these radicles with squares 
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of card attached to their tipa. Firstly, 13 peas, most 
of them having very short and young radicles, were 
placed in an ice-bos, in which the temperature rose 
during throe days from 44" to 47° F. They grew slowly, 
hut 1U out of tin; 13 became in the course ul the three 
days very slightly curved from the squares ; the other 
3 were not allcctod ; so that this temperature was too 
low for any high degree of sensitiveness or for much 
movement. Jars with 13 other radicles were next 
placed on a chimney-piece, where lliey were subjected 
to a temperature of between b'S° and 72° F., and 
after 24 h., 4 were conspicuously curved from the 
cards, 2 slightly, and 7 not at all ; so that this tem- 
perature was rather too high. Lastly, 12 radicles 
were subjected (u a temperature varying between 
72° and 85° F., and none of them were in the least 
affected by the squares. The above several trials, 
especially the first recorded one, indicate that the 
most favourable temperature for the sensitiveness of 
the radicle of the pea is about 60° F. 

The tips of 6" vertically dependent radicles were 
touched once with dry caustic, in the manner described 
under Vicia faba. After 24 h. four of them were bent 
from the side bearing a minute black mark; and the 
curvature increased in one case after 38 h., and in 
another ease after 48 h., until the terminal part pro- 
jected almost horizontally. The two remaining ra- 
dicles were not aiTec(e<l. 

i With radicles of the bean, when extended horizontally 
in damp air, geotropism always conquered the effects 
of the irritation caused by squares of card attached to 
the lower sides of their tips. A similar experiment 
was tried on 13 radicles of the pea ; the squares being 
attached with shellac, and tiie temperature between 
58°~60* F. The result was somewhat different; for 
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these radicles are either less strongly acted on by 
geotropism, or, what is more probable, are more sen- 
sitive to contact. After a time geotropism always 
prevailed, but its action was often delayed; and in 
three instances there was a most curious struggle 
between geotropism and the irritation caused by the 
cards. Four of the lit radicles were a little curved 
downwards within <3 or 8 h., always reckoning from 
the time when the squares were first attached, and 
after 23 h. throe of them pointed vertically down- 
wards, and the fourth at an angle of 4u° beneath the 
horizon. These four radicles therefore did not seem 



Fig. ST. 




to have been at all affected by the attached squares. 
Four others were not acted on by geotropism within 
the first 6 or 8 b., but after 23 h. were much bowed 
down. Two others remained almost horizontal for 
23 h., but afterwards were acted on. So that in these 
latter six cases the action of geotropism was much 
delayed. The eleventh radicle was slightly curved 
down after 8 h., but when looked at again after 23 h. 
the terminal portion was curved upwards; if it had 



SENSITIVENESS OF THE APEX Chap. IIL 



been longer observed, the tip no doubt would have 
been found again curved down, and it Mould hare 
formed a loop as in the following case. The twelfth 
radicle after (i li. was slightly curved downwards; but. 
when looked at again after 21 h., tbia curvature had 
disappeared and the apex pointed upwards ; after 30 h. 
the radicle formed a hook, as shown at A (Fig. G7) ; 
which hook after 45 h. was converted into a loop (B). 
The thirteenth radicle after G h. was slightly curved 
downwards, but within 21 h. had curved considerably 
up, and thru down again at an angle of -l.T beneath 
the horizon, afterwards becoming perpendicular. In 
these three last cases geotropisin and the irritation 
caused by the attached squares alternately prevailed 

ultimately victorious. 

Similar experiments were not always quite so suc- 
cessful as in the abovo cases. Thus 6 radicles, horizon- 
tally extended with attached squares, were tried on 
June 8th at a proper temperature, and after 7 h. 30 m. 
none were in the least curved upwards and none were 
distinctly geotropie; whereas of li radicles without any 
attached SfjnutVK, which served sis standards of com- 
parison or controls, 3 became slightly and 3 almost 
rectangularly geotropie within the 7 h. 30 m.; but 
after 23 h. the two lots were equally geotropie. On 
July 10th another trial was made with 6 horizontally 
extended radicles, with squares attached in the same 
manner beneath their tips ; and after 7 h. 30 m., 4 were 
slightly geotropie, 1 remained horizontal, and 1 was 
curved upwards in opposition to gravity or geotropism. 
This latter radicle after 48 h. formed a loop, like that 
at B (Fig. 67). 

An analogous trial was now made, but instead of 
attaching squares of card to the lower sides of the 
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tips, these were touched with dry caustic. The details 
of the experiment will be given in the chapter on 
Geotropism, and it will suffice here to say that 10 
peas, with radicles extended horizontally and not cau- 
terised, were laid on and under damp friable peat ; 
these, which served as standards or controls, as well as 
10 others which had heen touched on the upper side 
with the caustic, all became strongly geotropic in 24 h. 
Nine radicles, similarly placed, had their tips touched 
on the lower side with the caustic; and after 24 h., 

3 were slightly geotropic, 2 remained horizontal, and 

4 were bowed upwards in opposition to gravity and to 
geotropism. This upward curvature was distinctly 
visible in 8 h. 45 m. after the lower sides of the tips 
had been cauterised. 

Little squares of card were affixed with shellac on 
two occasions to the tips of 22 young and short 
secondary radicles, which had been emitted from the 
primary radicle whilst growing in water, but were now 
suspended in damp air. Besides the difficulty of 
attaching the squares to such finely pointed objects 
as were these radicles, the temperature was too high, 
— varying on tho first occasion from 72° to 77° F., atid 
on the second being almost steadily 76' F. ; and this 
probably lessened the sensitiveness of the tips. The 
result was that after an interval of 8 u. 30 m., 6 of the 
22 radicles were bowed upwards (one of them greatly) 
in opposition to gravity, and 2 hif/Tj.Hv ; the resum- 
ing 14 were not affected. Considering the unfavour- 
able circumstances, and bearing in mind the case of 
the bean, the evidence appears sufficient to show that 
the tips of the secondary radicles of the pea are 
sensitive to slight contact. 

Pltaseolus mvitifiorus : Sensitiveness of the apex of the 
Radicle, — Fifty-nine radicles «ore tried with squares 
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Df various sizes of the same curd-like paper, also witb 
bits of thin glass and rough cinders, ailixed with shellac 
to one side of the apex, llatlier large drops of the 
dissolved shellac were also placed on them and allowed 
to set into hard beads. The specimens were subjected 
to various! temperatures between liO" and 72" F., more 
commonly at about the latter. But out of this con- 
siderable number of trials only 5 radicles were plainly 
bent, and 8 others slightly or even doubtfully, from 
the attached objects ; the remaining 46 not being at 
all affected. It is therefore clear that the tips of the 
radicles of this Phaseolus are much less sensitive to 
contact than are those of the bean or pea. We 
thought that they might be sensitive to harder 
pressure, but after several trials we could not devise 
any method far pressing harder on one side of the 
apex than on the other, without at the same time 
offering mechanical resistance to its growth. We 
therefore tried other irritants. 

The tips of 13 radicles, dried with blotting-paper, 
were thrice touched or just nibbed on one side 
with dry nitrate of silver. They were rubbed thrice, 
beeause we supposed from the foregoing trials, that 
the tips were not highly sensitive. After 24 h. the 
tips were found greatly blackened ; 6 were blackened 
equally all round, so that no curvature to any one 
side could be expected ; 6 were much blackened on 
one side for a length of about -^„t\i of an inch, and 
this length became curved at right angles towards the 
blackened surface, the i'lU'valiive aftenuirds increasing 
in several instances until little hooks were formed. 
It was manifest that the blackened side was so much 
injured that it could not grow, whilst the opposite 
side continued to grow. One alone out of these 13 
radicles became curved from the blackened side, the 
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curvature extending for some little distance above 
the apes. 

After the tix jHU'io nee thus gained , iho tips of six 
nlmost dry radicles were once touched with the dry 
caustic on one side ; and after an interval of 10 ui. 
were allowed to enter water, which was kept at a 
temperature of 65 0 -67° P. The result was that after 
an interval of S h. a minute blackish speck could 
just be distinguished on one side of the apex of five 
of these radicles, all of which became curved towards 
the opposite side — in two cases at about an angle 
of 45° — in two other cases at nearly a rectangle — and 
in the fifth case at above a rectangle, so that the apex 
was a little hooked ; in this latter case the black mark 
was rather larger than in the others. After 24 h. 
from the application of the caustic, the curvature of 
three of these radicles (including the hooked one) had 
diminished ; in the fourth it remained the same, and 
in the fifth it. had increased, the tip being now hooked. 
It has been said that after 8 h. black specks could 
be seen on one side of the apex of five of the six 
radicles ; on the sixth the speck, which was extremely 
minute, was on the actual apex and therefore central ; 
and this radicle alone did not become curved. It was 
therefore again touched on one side with caustic, and 
after 15 h. 30 m. was found curved from the perpen- 
dicular and from the blackened side at an angle of 34", 

whic-li iiUTi.'UM'i, in ;](tu; iiilililttin;il Itunrs fo j-f. 

It is therefore certain that the apex of the radicle 
of this l'haseolus is extremely sensitive to caustic, 
more so than that of the bean, though the latter is 
far more sensitive to pressure. In the experiments 
just given, the curvature from the slightly cauterised 
side of the tip, extended along the radicle for a 
length of nearly 10 mm.; whereas in the first set 
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of experiments, when the tips of several were greatly 
blackened and injured on one side, so that their growth 
was arrested, a length of leas than 3 mm. become 
curved towards the much blackened side, owing to the 
continued growth of the opposite side. This differ- 
ence in the results is interesting, for it shows that too 
strong an irritant does not induce any transmitted 
effect, and does not cause the adjoining, upper and 
growing part of the radicle to bend. We have analo- 
gous eases with Drost.'ni, i'<u' a strong solution iji' ear- 
bonato of ammonia when absorbed by the glands, or 
too groat heat suddenly applied to them, or crushing 
them, does not cause the basal part of the tentacles 
to bend, whilst a weak solution of the carbonate, or a 
moderate heat, or slight pressure always induces such 
bending. Similar results were observed with Dionsea 
and Finguienla. 

The effect of rutting off with a razor a thin slice 
from one side of the conical apex of 14 young and 
short radicles was next tried. Six of them after beiug 
operated on were suspended in damp air; the tips of 
the i it her right, siiiuhi'lv ><i.^|n tuli ■■], m<to allnwi!'l to 
enter water at a temperature of about (>5° F. It was 
recorded in each caso which side of the apex had 
been sliced off, and when they were afterwards 
examined the direction of the curvature was noted, 
before the record was consulted. Of the six radicles 
in damp air, three had their tips curved after an 
interval of 10 h. 15 m. directly away from the sliced 
surface, whilst the other three were not affected and 
remained straight; nevertheless, one of them after 
13 additional hours became slightlv curved from the 
sliced surface. Of the eigiit radicles with their tips 
immersed in water, seven were plainly curved away 
from the sliced surfaces after 10 h. 15 m. ; and with 
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respect to the eighth which remained quite straight, 
too thick a slice had been itijoii L> a tt (jlI ] v removed, so 
that it hardly funned a renl exception to the general 
result. Wlien the seven radicles wore looked at 
again, after an interval of 23 h. from the time of 
slicing, two hud become distorted : feur were deflected 
at an angle of about 70" from the perpendicular and 
from the cut surface ; and one was deflected at nearly 
90°, so that it projected almost horizontally, but with 
the extreme tip now beginning to bend downwards 
through the action of geotropism. It is therefore 
manifest that a thin slice cut oft' one side of the conical 
apex, causes tin- upper growing part of the radicle of 
this Phaseolus to bend, through the transmitted effects 
of the irritation, away from the sliced surface. 

Tropxolum majus: Se.,sUivmm of the apex of tU 
Radicle to contact.— Little squares of card were attached 
with shellac to one side of the tips of 111 radicles, some 
of which were subjected to IS V., ami others to a 
much lower temperature. Only i! became plainly 
curved from the squares, 5 slightly, 4 doubtfully, 
and 7 not at all. These seeds were, as we believed, 
old, so we procured a fresh lot, and now (he results 
were widely different. Twenty-throe were tried in 
the same manner; five of the squares produced no 
effect, but three of these cases were no real exceptions, 
for in two of them the squares had slipped and were 
parallel to the apex, and in the third the shellac was 
in excess and had spread equally all rouud the apex. 
One radicle was deflected only slightly from the 
perpendicular and from the card ; whilst seventeen 
were plainly deflected. The angles in several of these 
latter cases varied between 40 3 and 65° from the 
perpendicular; and in two of them it amounted after 
15 h. or lb' h. to about 90°. In one instance a loop 
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was nearly completed in 16 li. There cjlii, therefore, 
be no doubt that the apex is big] ly sensitive to slight 
contact, and that the upper part of the radicle bends 
away from the touching object;. 

Goasffpium herbart.uin-: Sensitiveness of the apex of the 
Eadicle. — Radicles were experimented on in the same 
manner as before, but they proved ill-fitted for our 
purpose, as they seen became unhealthy when sus- 
pended in damp air. Of iiii rurtieles thus suspended, 
at temperatures varying from Cfi" to 69" F., with 
squares of curd attached to tlieir tips, I) were plainly 
and 7 slightly or even doubtfully deflected from the 
squares and from the perpendicular; 22 not being 
affected. We thought. tb;it perhaps the above tempera- 
ture was nut high enough, sn lit radicles wilh attached 
squares, likewise suspended in damp air, were subjected 
to a temperature of from 74° to 79° F., but not one of 
them was acted on, and they soon became unhealthy. 
Lastly, li) radicles were suspended in water at a tem- 
perature from 70° to 75° F, with bits of glass or 
squares of the card attached to their rips by means of 
Canada- balsam or asphalte, which ad Sieved rather bet (or 
than shellac beneath the water. The radicles dill not 
keep healthy for long. The result was that 6 were 
plainly and 2 doubtfully deflected from the attached 
objects and the perpendicular; 11 not being affected. 
The evidence consequently is hardly conclusive, 
though from the two sets of cases tried under a 
moderate temperature, it is probable that the radicles 
are sensitive to contact; and would be more so under 
favourable conditions. 

Fifteen radicles which had germinated in (Viable peat 
were suspended vertically over water. Seven of them 
served as controls, and they remained quite straight 
during 24 h. The tips of the other eight radicles 
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were just touched with dry caustic on one side, Aftei 
only 5 h. 10 m. five of them were slightly curved 
from the perpendicular and from the side bearing the 
little blackish marks. After 8 h. 40 m., 4 out of 
these 5 were deflected at angles between 15° and 65° 
from the perpendicular. On the other hand, one 
which had been slightly curved after ft h. 10 m., now 
became straight. After '24 h. the curvature in two 
cases had considerably increased; also in four other 
cases, but these latter radicles had now become so 
contorted, some being turned upwards, that it could no 
longer he ascertained whether lliey were still curved 
from the cauterised side. The control specimens ex- 
hibited no such irregular growth, and the two sets 
presented a striking contrast. Out of the 8 radicles 
which had been touched with caustic, two alone were 
not affected, and the marks left on their tins by the 
caustic were extremely minute. These marks in all 
cases were oval or elongated ; they were measured in 
three instances, and found to be of nearly the same 
size, viz. § of a mm. in length. Bearing this fact in 
mind, it should be observed that the length of the 
curved part of the radicle, which had become deflected 
from the cauterised side in the course of S h. 40 m., 
was found to be in three cases 6, 7, and 9 mm. 

CucurUta ovifcra: Sensitiveness of the ajxx of the lla- 
dicle.— The tips proved ill-fitted for the attachment of 
cards, as they are extremely fine and flexible. More- 
over, owing to the bypncotyls being soon developed 
and becoming arched, the whole radicle is quickly 
displaced and confusion is thus caused. A large 
number of trials were made, but without any definite 
result, excepting 'on two occasions, when out of 23 
radicles 10 were deflected from the attached squares 
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of card, and 13 were not acted on. Rather large 
squares, though difficult to affix, seemed inure efficient 
than very small ones. 

We were much more successful with caustic ; but in 
our first trial, 15 radicles were too much cauterised, 
and only two became curved from the blackened aide ; 
the others being either killed on one side, or blackened 
equally all round. In our nest trial the dried tips 
of 11 radicles were touched momentarily with dry 
caustic, and after a few minutes were immersed in 
water. The elongated marks thus caused were never 
black, only brown, and about £ mm. in length, or 
even less. ' In -1 h. 3J m. after the cauterisation, fi of 



of a lens. Of Id control specimens tried in the same 
jars at the same time, not one was in the least curved. 
In S h. 40 m. after the cauterisation, 5 of the radicles 
out of the 10 (the one unhealthy one being omitted) 
were deflected at about 00°, and 3 at about 45° from 
the perpendicular and from the side bearing the 
brown mark. After 24 h. all 10 radicles had in- 
creased immensely in length ; in 5 of them the curva- 
ture was nearly the same, in 2 it had increased, and 
in 3 it had decreased. The contrast presented by the 
10 controls, after both the 8 h. 40 m. and the 24 h. 
intervals, was very great ; for they had continued to 
grow vertically downwards, excepting two which, from 
some unknown caiisc, lt;nl li.v.ui].- son n -what tortuous. 

In the chapter on Gootropism we shall see that 
10 radicles of this plant were extended horizontally on 
and beneath damp friable peal, under which conditions 
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they grow better and inore naturally than in (lamp 
uir; and their tips were slightly cauterised on the 
lower side, brown marks about £ mm. in length 
being thus caused. Uncauterisird specimens similarly 
placed became much bent downwards through geo- 
tropism in the course of 5 or 6 liours. After S h, 
only 3 of the cauterised ones were boned downwards, 
and this in a slight degree ; 4 remained horizontal ; 
and 3 were curved upwards in upposhiuu to wo- 
tropism and from the side bearing (lie brown mark. 
Ten other specimens bad their tips cauterised at the 
samo time and in the same degree, on the upper 
side ; and this, if it produced any effect, would tend 
to increase the power of geotropism ; and all these 
radicles were strongly bowed downwards after 8 h. 
From the several foregoing faels, there can be no 
doubt that the cauterisation of the tip of the radicle 
of this Cucurbita on one side, if done lightly enough, 
causes the whole growing part to bend to the opposite 
side. 

Itaphanua aativiis : Sensitiveness of the apex of the 
Iladicle.—Wo here encountered many difficulties in 
our trials, both with squares of card and with caustic ; 
for when seeds were pinned to a cork-lid, many of the 
radicles, to whieli nothing had been done, grew irre- 
gularly, often curving upwards, as if attracted by the 
damp surface above ; and when they were immersed 
in water they likewise often grew irregularly. We 
did not therefore dare to trust our experiments with 
attached squares of card ; nevertheless some of them 
seemed to indicate that the tips were sensitive to 
contact. Our trials with caustic generally failed from 
the difficulty of not injuring too greatly the extremely 
fine tips. Out of 7 radicles thus tried, one became 
bowed after 22 h. at an angle of 60", a second at 40° 
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and a third very slightly from the perpendicular and 
from the cauterised side. 

JEsculus Mppocastanum : Sensitivenest of the apex oj 
the Radicle. — Bits of glass and squares of card were 
affixed with shellac or gum-water to the tips of 12 
l'inlieles of ilia hoi\-!0-e!Les!.nut ; and when these objects 
fell off, they were rerlxed ; but not in a single instance 
was any curvature thus caused. These massive 
radicles, one of which was above 2 inches in length 
and -3 inch in diameter at its base, seemed insensible 
to so slight a stimulus as any small attached object. 
Nevertheless, when the apex encountered an obstacle 
in its downward course, the growing part became sc 
uniformly and symmetrically curved, that its appear- 
ance indicated not mere mechanical bending, but 
increased growth along the whole convex side, due to 
the irritation of the apex. 

That this is the correct view may be inferred from 
the effects of the more powerful stimulus of caustic. 
The bending from the cauterised side occurred much 
slower than in the previously described species, and it 
will perhaps bo worth while to give our trials in 
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deflected 09° from the perpendicular and from tlio CTiitcriFon 
Bide; utter eight days the angle amounted to nearly 'JO 0 . 

(3.) After one d:ty uli^hi deflection, but the cauterised mark 
was so faint that the same side was again touched with caustic. 
In four days from the first touch deflection amounted to 7b D , 
winch ju at; add i-.iru: a I (fay increased to 110°. 

(4.) After two days slight deflection, which during the nex: 
three days certainly iiieiva-i-d hut never hiciune ereal ; the 
radicle did nut ijri.nr w L -d a:id died on 1 3 10 eiiddh day. 

(5.) After two days very slight dc: lection ; but this on the 
fourtll day amounted to oh" from the perpendicular and from 
tin: cautirifcd side. 

(6.) After three days doubtfully, but after four days certainly 
deflected from the cauterised side. On the fifth day deflcctior. 
nnamuled lo 4iP I'rmii -he periicndicl.iar, and t:iis eli the ^evcliih 
day increased to about 90°. 

(7.) After two days slightly deflected ; on the third day th» 
doflection amounted to 25° from the perpendicular, and thifl 
did not afterwards increase. 

(8.) After onts day deflection distinct; on the third day i: 
amounted to 44°, and on the f iiirlh day to 7-2' from the porpcr.- 
dieular and the cauterised side. 

(9.) After two days deflection slight, yet distinct; on the 
third day the tip waa again touched on the same side with 
caustic and thus killed. 

(10.) Al'ler one day slight deflection, which after six days 
increased to 50' from the perpendicular and the cauterised side. 

(11.) After one day decided deflection, which after six days 
increased to 62° from the perpend a:nlar and from the cauterised 

(12.) After one day slight deflection, which on the second day 
amounted to 35°, on the fourth day to 50°, and the sixth day 
to 0T from the perpendicular and the cauleriscd fide. 

(13.) Whole tip blackened, but more on one side than the. 
other; on the fourth day slightly, and on the sixth day greatly 
deflected from the more blackened side ; the deflection on the 
ninth day amounted to 90° from the perpeu dieular. 

(14.) Whole tip blackened in the same manner us in the last 
east;: tm the second day decided deflection from the more 
blackened side, which increased on the i-evem.h day to nearlj 
90": on the following day the radicle appeared unhealthy. 

(15.) Ilere we had the anomalous case of a radicle bending 
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These several cases show beyond doubt that the 
irritation of one side of the, apex, excites the upper 
part of the radicle to bend slowly towards the opposite 
side. This fact was well exhibited in one lot of live 
seeds pinned to the cork-lid of a jar; lor when after 
l> (lavs the lid was turned upside down and viewed 
from directly above, the litlk- black murks made by fbe 
caustic were now all distinctly visible on the upper 
sides of the lips of the laterally bowed radicles. 

A thin slice was shaved off with a razor from one 
side of the tips of 22 radicles, in the manner described 
under the common boon : but this kind of irritation 
did not prove very effective. Only 7 out of the 22 
radicles became moderately deflected in from 3 to 5 
days from the sliced surface, and several of the others 
grew irregularly. The evidence, therefore, is far from 
conclusive. 

Quercm robur : 8--u*itii:t:nt!xn of the <ijw. of the Radicle. 
—The tips of the radicles of the common oak are fully 
as sensitive to slight contact as are those of any plant 
examined by tis. They remained healthy in damp air 
for 10 days, but grew slowly. Sipiares of the card- 
like paper were fixed with shellac to the tips of 15 
radicles, and ten of t ln;si; became conspicuously bowed 
from the perpendicular and from the squares; two 
slightly, and three not at all. But two of the latter 
were not real exceptions, as they were at (irst very 
short, and baldly grew afterwards. Some of the more 
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remarkable cases are worth dcscr 
were examined on wieh successi vi 
the same hour, that is, after intervals of 24 h. 



radicles 
g, at nearly 



s of accidents, and 
appeared at flint 
The first square 



N.i. 1. This vmi;, tc suffered frniti a 
noted in tin iLnoiii!(!(ius manner, fur the ape: 
ii^etjfible and nft i vivrir.l:-; Hcnsifivo tn foatart.. 
was attached on Oct. 19th ; on the 31st the 

r;i.'[ !(■!(! WIS Il.it ill ;<)'. illll'Vi'il. Mtj.i 1 1 . i ■ Kjiu:!!' 
mi;n in i'iili-iilMlIy tiiiuc^t-i] tifT; il ivms l-i rlxed 
[Ml thf SJ2inl. :i!id riic iM'Ii;-).' l'iruiiA' sliehtly 
carved from tile square, Irat tue cuivntnru 
disappeared on the 23rd, when the square 
was rtJiiuivi-cKLiiii rciiMti. N'i> curvature en- 
sued, anil I lie square was ae/ahi areidtriilally 
l;in«'ki:il .if:', anil tvfived. On tin- timniilie; of 
tlie 27th It was washed off 1 .y having readied 
the wntrr in flit? U-.ttoni of tin; jar. The 
square was relixcd, and on the 211th, that 
i.s, ten da.i b alter (he first square had hem 
attached, and two duysafler the ilttaehliletit 
o: rhi: lust s'[-.nuv. 1 1 r ■ = radicle lnn: ;:ri.\ui Id 
the great length of 3 2 inches, and now g 
the ternar.al *;rowii).s part had Woine (.cut 
awny from tlie square into n hook (sec 

Kb. 63). 

No. 2. Square attached on the 19lh ; on 
ttie 20th radicle slightly deflected from it 
Mid from the perpendicular; on the 21st 
deflected at nearly right angles ; it remained during the nest 
two days in this position, but on the 25th the upward curva- 
ture was lessened through the action of geotropism, and still 
more bo on the 26th. 

No. 3. Square attached on the 19th; on the 21st a trace oil 
currnture from the square, which amounted on the 22nd to 
alxiut ■Id", and on the iillrd to T.IF from tin; perpendicular. 

No. 4. Square attached on the 21st: on the 2*2ud trace of 
curvature from the square ; on the 23rd completely hooked 
nith the point turned up to the zenith. Three days afterwards 
(i.e. 2Gth) the curvature had ivholiy disappeared and the apex 
p;)irrml piT|;ei!dic.ula? ly dnwn wards. 

No. 5. Square attnehed on the 21st; on tho 22 nd decided 



UMi :., :,!-. 



176 



SENSITIVENESS OF THE APEX Chap. Ill 



though Blight curvature from the square ; on the 23rd tha tip 
hml curved up alnvt; t.ho lio iwjii, ;uni on the 2-lth was hooked 
with the ape* jKiiul iii^ ii!n:(wt to I he zenith, as in l-'ifr. 

No. 6. Square attached on the 2ist; on tiie 2-2nd slightly 
curved from the square; 23rd more curved; 2Dlh consider- 
ably curved; 27th all txirvaturc lost, and the radicle waa now 
directed perpendicularly downwards. 

No. 7. Square attached on the 21st; on the 32nd a trace o( 
curvature from tlie square, which increased next day, and on 



It is, therefore, manifest Unit the apex of the radicle 
of the oak is highly sensitive to contact, and retains 
its fceiisitiwiicss (luring several diiys. J.'lto movement 
thus induced waSj however, slower than in any of the 
previous eases, with the exception of that of ilisculiis. 
As with the bean, the terminal growing part, after 
bending, sometimes straightened itself through the 
action of gcotropism, although tile object -till remained 
attached to the tip. 

The same remarkable experiment was next tried, 
as in the case of the bean ; namely, little squares of 
exactly the same sizo of the card-like sanded paper 
and of very thin paper (the thicknesses of which have 
been given under Vicia fala) were attached with 
shellac on opposite sides fas accurately as could bo 
done) of the tips of 13 radicles, suspended in damp 
air, at a temperature of 65°-66° F. The result was 
striking, for S) out of these 13 radicles became plainly, 
and 1 very slightly, curved from the thick paper 
towards the side bearing tin: thin paper. In two of 
these wises the upi-X IieeiLtue n un | il>rtnl v lluoked alter 

two days ; in four cases the deflection from the per- 
pcndieular and from the side bearing the thiel; p.ji.v, 
amounted in from two to four days to angles of 'M\ 
72°, GO", and <W, but in two other cases to only 18" 
ami 15°. It should, however, bo stated that in the 
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case in which the deflection was 49°, the two squares 
had accidentally come into contact on one side of the 
apex, and thus formed a lateral gable ; and the deflec- 
tion was directed in psirt from this gable and in part 
from the thick paper. In throe cases alone the radicles 
were not affected by the difference in thickness of the 
squares of paper attached to their lips, and conse- 
quently did not bend away Ironi the side bearing the 
stiffer paper. 

Zea mays: Sensitiveness of ike apex of the Radicle to 
eontact.~X large number of trials were made on this 
plant, as It was flic only monocotyledon on which we 
experimented. An abstract of the results will suffice. 
In the first place, 22 germinating seeds were pinned to 
oork-lids without any object Living attached to their 
radicles, some bring esposi-d in u temperature of (jj -- 
66° F.. and others to between 74° and 79° ; and none of 
them became curved, (hough wuiu- Mrir a lit tli= inclined 
to one side. A few were selected, which from having 
germinated on sand wore crooked, but when suspended 
in dump air the terminal part grew straight down- 
wards. This fact having been ascertained, little squares 
c.f the card-like paper were allixed with sludlae, on 
several occasions, to the tips of 68 radicles. Of these 
the terminal growing part of 39 became within 24 h. 
conspicuously curved away from the attached squares 
and from the perpendicular ; lo out of the 39 forming 
hooks with their [xtints directed Inwards tin* zenith, 
and 8 forming loops. Moreover, 7 other radicles out 
of the 68, were slightly and two doubtfully deflected 
from the cards. There remain 20 which were not- 
affected ; but 10 of these ought not to be counted ; 
for one was diseased, two had their tips quite sur- 
rounded by shellac, and the squares on 7 had slipped 
go as to stand parallel to the apex, instead of obliquely 
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on it. There were therefore only 10 out of the 68 
which certainly were not acted on. Some of the 
radicles which were experimented on were young and 
short, most of them of moderate length, and two or 
three exceeded three inches in length. The curva- 
ture in the above eases occurred within 24 h., but it 
was often conspicuous within a much shorter period. 
For instance, the terminal growing part of one radiclo 
was bent upwards into a rectangle in 8 h. 15 m., and 
of another in 9 h. On one occasion a hook was 
formed in 9 h. Six of the radicles in a jar containing 
nine seeds, which stood on a sand-bath, raised to 
a temperature varying from 7(S° to 82" F., became 
hooked, and a seventh formed a complete loop, when 
first looked at after 15 hours. 

The accompanying figures i>f four germinating seeds 
(Fig. b'0) show, firstly, a radiclo (A) the apex of which 
has become so much bent away from the attached 
square as to form a hook. Secondly (B), a hook 
converted through the continued irritation of the 

complete circle or L n J The tip in the act of forming 
a loop generally rubs against the upper part, of the 
radicle, and pushes oil' the attached square; the loop 
then contracts or closes, but never disappears ; and 
the apex uftcnviirds tri-nus veil ii-iiltv iloivn wards, ln-in;: 
no longer irritated by any attached object. This 
frequently occurred, and is represented at C. The 
jar above mentioned with the six hooked radicles and 
another jar were kept for two additional days, lor the 
sake of observing how the hooks would be modified. 
Most of them became converted into simple loops, 
like that iiguml at C ; but in one case the apex did 
nut rub against tin.- uppir part of tin? radicle and thus 
remove the card; and it consequently made, owing 
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to the continued irritation from the card, two complete 
loops, that is, a helix of two spires ; which afterwards 
became pressed closely together. Then geotropism 
prevailed and caused the apex to grow perpendicularly 
downwards. In another case, shown at (1J), the apex 




in making a second turn or spire, passed through the 
iirst loop, which was at first widely open, and in 
doing so knocked nil' the card ; it then grew perpen- 
dicularly downwards, and thus tied itself into a knot, 
which soon became tight ! 

Secondary Radicles of Zea.—k short time after the 
first radicle has appeared, others protrude from the 
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Boed, but not laterally from the primary one. Ten of 
these secondary radicles, which were directed obliquely 
downwards, were experimented on with very small 
squares of card attached with shellac to the lower 
sides of their tips. If therefore the squares acted, the 
radicles would bend upwards in opposition to gravity. 
The jar stood (protected from light) on a sand-bath, 
nhfch varied between 7(! a and 82° F. After only 
ii h. one appeared to be a little deflected from the 
square, and after 20 h. formed a loop. Four others 
were considerably curved from the squares ater 20 h., 
and three of them became hooked, with their tija 
pointing to the zenith, — one after 2'J h. and the 
two others after 44 h. By this latter time a sixth 
radicle had become bent at a right angle from the side 
bearing the square. Thus altogether sis out of the 
ten secondary radicles were acted on, four not being 
affected. There can, therefore, bo no doubt that the 
tips of these secondary rauirles are sensitive To slight 
contact, and that when thus excited they cause the 
upper part to bend from the touching ulijeel ; but 
generally, as it appears, not in so short a time as in 
the case til' the liist.-l'iiniud mdicle. 

Sensitiveness of hie tip of the Radicle to 
Moist Am. 

Sachs made the interesting discovery, a few years 
ago, that the radicles of many seedling plants bend 
towards an adjoining damp surface* We shall here 

ness resides jn their tips. The movement is directly 
the reverse of that excited by the irritants hitherto 
considered, which cause the growing part of the 



• 'Arbcilon dtt Tfc.t. [latitat., in WUrrl.tirg,' vol. i. 1872, ji. 209. 
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radicle to bend away from the source of irritation. 
In our experiments we followed Sachs' plan, and sieves 
with seeds germinating in dump sawdust, were sus- 
pended so that the bottom was generally ii.clined at 
40° with the horizon. If the radicles had been acted 
on solely by geotropixm, they would have grown out 
of the bottom of the sieve perpendicularly down- 
wards ; but as they were attracted by the adjoining 
damp surfene they bent towards it and were deflected 



1 to 2 mm. was coatetl in a certain number of cases 
with a mixture of olive-oil and lamp-black. This 
mixture was made in order to give consistence to the 
oil, so that a thick layer could be applied, which 
would exclude, at least to a largo extent, the moist air, 
and would be easily visible. A greater number of 
experiments than those which were actually tried 
would have been necessary, had not it been clearly 
established that the tip of the radicle is the part which 
is sensitive to various other irritants. 

tiling Imd 1'UuL dune, gruwiiiif out of it tkii j, were oUiorvod 
nt the pdmu tin!.; with thw-o whirii luuL their tips grciifijJ. 
and for an equal length of time. Of the 20, 24 curved them- 
selves so as til c >me into tlnsi: oimln -t with lite bottom of the 

MLVO. Ttli? pluiv of 1:1 ]!■•!' Clirv:l!Hl , l! IV il* f;i'il(;rall V lit il ill Ml lit "I 1 

of 5 or (j iiiiii. from tlio apex. Eight radicles bad thuir tijin 
fji'i:;i!".cd for ;l !t;:i^::i el' '.' ie:n., ;:inl vvn others for a length ol 
1-1 mm. ; they were kept at a temperature of I5°-1G° C. After 
intervals of from Jfl h. to 24 h. all were still vertically or 
almost vertically uVprnrhmt, for wmic of fheiu bail moved 
towards the adjoining damp surface by about 10". They hail 
therefore not been acted on, or only slightly acted on, i>y the 
dam]«'r air on one tide, jvlthongli the whole upper part wiis 
freely reposed. After 4M h. three of tlicro radicles became 
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considerably curved towards the sieve ; and theabsence of curva- 
ture in some of the others might perhaps bo accounted for by 
their not having grown very well, lint it should be observed 
that during the first W h. to 24 li. all grew well ; two of them 
having increased 2 and 3 mm. in length in 11 h. ; five others 
increased D to 8 mm. in 19 h. ; and two, which had been at first 
4 and 6 mm. in length, ii,creascd in 21 h. to 15 and 20 mm. 

The lies of 10 radicles, which likewise grow well, were coated 
with the grease for a length of only t mm., and now the result 
was som. ii hat different; for of these 4 curved themselves to 
tho sieve iu from 21 li. to 34 h., whilst 6 did not do so. 
Five ol the hitter were ol>;vrvi-i.l for an additional day, and now 
all excepting one became curved io the sieve. 

The tips of 5 radicles, were caulcriscd with nitrate of silver, 
and almit 1 mm. in length was thus destroyed. They were 
observed for periods varying between II h. and 24 h., and were 
found to have grown well. One of them had curved until it 
came into contact with the sieve ; another was curving towards 
it ; whilst the remain)!];; three were .still vertically dependent. 
Of 7 not cauterised radicles observed at the same time, all hail 
come into contact with the sieve. 

Tho tips of 11 radicles were protecieil by moistened gold- 
heaters' skin, which adheres closely, for n length varying from 
II to 21 mm. After 2-2 h. to 24 h,6 of these radicles were 
clearly bout towards or had come into contact with the sieve; 
2 were slightly curved in this direction, and 3 not at all. All 
had grown well. Of 14 control spcci'iie lis observed at the same 
time, all except, ng one had closely approached the sieve. It 
appears from these cases (hat a cop of e/oli I healers' skin checks, 
though only to a slight degree, the bending of the radicles to 
an adjoining damp surface. Whether an extremely thin sheet 
of this substance when moistened allows moisture from the air 
to pass through it, we do not know, line ease indicated that 
tho caps were sometimes more efficient than appears from the 
above results; for a radicle, which after 23 h. had- only 
slightly approached the sieve, had its cap (U mm. in length) 
removed, and during the neit 15 J h. it curved itself abruptly 
towards the source of moisture, the chief scat of curvature 
being at a distance of 2 to 3 nim. from tho apes. 

Vieiu /mS»,— The tips of 13 radicles were coaled with the 
grease for a length of 2 mm. ; and it should lie remembered 
that with these radicles the scat of chief curvature is about 




□ IglliZBfl fly Cooglc 



Chat. III. OF THE RADICLE TO MOIST AIR. 183 



i or 5 mm. from tho apox. Four of them were examined after 
22 h., throe after 26 h., and six after 36 h., and none had 
been attracted towards the damp lower surface of tho sieve. 
In anotliet trial 7 radicles were similarly treated, and 5 of tliem 
slill pointed perpendicularly ikiwii'iViii-ils alter H h., whilst. 
Li \vi:ri: a tittlu curved towards, the sievi ; iiy mi accident tiny 
were not subsequently observed. Ia both these trials tho 
radicles grew well ; 7 of them, which were at iirst from 4 to 
H mm. in length, were after 11 h. between 7 and 1G mm. ; 
3 which wore at first from G to 8 mm. after 26 h. were ll'S 
b Is mm. hi length; and lusily, 1. radicles which wav at first 
5 to 8 mm. after 46 b. were IB to 23 mm. in longth. The 
control or uuirrciiscd radicles were not. invariably attracted 
towards the bottom of the sieve. lint on one occasion 12 out of 
13, which wen observed for periods between 22 h. and 3G h., 
wero thus attracted, On two other occasions taken together, 
3H out of 4U wero similarly aitraeted. On another occasion 
only 7 out of 14 behaved in this manner, hut after "two more 
days the proportion of the curved increased to 17 out of 23. 
On a last occasion only 11 out of 20 were thus attracted. If 
we add up those numbers, we find that 78 out of D6 of the 
control specimens eiirvid thci selves towards, tho hnttnni o' tin; 
sieve. (If the specimens with graisod Tip-, L> alone out id the 
20 (but 7 of these were not observed for a sufficiently lone 
time) thus curved themselves. We can, therefore, hardly doubt 
that the tip lor a lenidh of Li mm. is the part which is sensitive 
to a moist atmosphere, and causes the upper parr, to I .end 
towards its source. 

The tips of 15 radicles were, cauterised with nitrate of silver, 
and they grew an well its those above described with greased 
tips. After an interval of 24 h., 9 of them were not at all 
curved towards tho bottom of tho sieve; 2 were curved towards 
it at angles of 20° and 12' from their former vertical position, 
and 4 had mine into close contact with it. Thus tin: destruc- 
tion of the tip for a length of about 1 mm. prevented the curva- 
ture of the greater number of these radicles to the adjoining 
damp surface. Of 24 control specimens, 23 were bout to tho 
sieve, and on a second occasion 15 out of 16 were similarly 
curved in a greater or less degree. These control trials are 
included in those given in the foregoing paragraph. 

Avma latino.— The tips of 13 radicles, wliieh projected 
between 2 and 4 mm. from tho bottom of the sieve, many of 
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Ihein not unite perpendicularly downwards, were coLted with 
the black gronse fur ft length of from 1 to 1J mm. The sieves 
were inclined at S(r willi the horizon. The greater number of 
these radicleB were ••\\uti\ nod ji'lur 22 h., find a few after 23 h., 
and within those intervals they had grown so quickly as to have 
nearly doubled their lengths. With tho ungrensod radicles the 
chief seat of curvature is at a distance of not less than between 
H'5 and 5'5 mm., and not more tlii.ii Imt.wrcij 7 and 10 mm. from 
the apex, (hit of the 13 radirVs with greased tips, 4 had not 
moved at all towards the sieve ■ (J were deflected towards it am! 
from the jierpciuiii-nlni I>y anulin varying, between 10° and 35° ; 
and 3 had conic into close eoutiet with it. It ap[>ears, therefore, 
at fir?' sigh I that L'msiiii; tilt; tijw of tlrfsp na lidos I'.iwt oliedtf-d 
but little their bending to tho adjoining damp surface. But the 

different impression on tho mind; for it was impossible to 
behold tho radicles with the black greased tips projecting from 
tho bottom, and all those with ungreasod ti)>s, at least ii) to 50 
in number, clinging closely to it, and feel any doubt that the 

bocoioe curved towards tho sieve. It is probable that if tho 
tips bad boon protected by grooso for a length of 2 mm. instead 
of from 1 to li mm , they would not have Iwcn affected by the 




less effect than in the case of tho oats. After 22 h.. 5 of them 
had como into contact with tho liottom of tho sieve; 2 had 
moved towards it 10° and 15", and one alone remained perpen- 
dicular. Not out or the very numerous increased radicles 
failed to como into close eontaet with the sievo. These trials 
were made on Nov. 2Kth, when the temperature was only i" S G. 
lit 10 a.m. Wo should hardly have thought this case worth 
notice, had it not liocii f'.ir tin' fol lowing cm-iini-liuH'e, Ii; (ho 
beginning of October, when the temperature was considerably 
higher, viz., 12° to 13° C, wo found that only a few of the 
ungreasod radicles became bout towards the siuvo ; and this 
indicates that sensitiveness to moisture in tho air is increased 
by a low tomporaturo, as wo have scon with tho radicles of 
Vicia faint relatively to ol'jee-'s attached to Ihoir tips, lint in 
the present instance it is possible that a difference in the dryness 
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of the air may hove caused the different*, in the results at the 
two periods. 

Finally, the facts jnsl given with respect to Phaseolus 
mtdtifioru3, Vieia faha, and Avena saliva show, as it 
seems to us, thai a lavi.T tit' grouse spread for a length 
of li to 2 mm. over the tip of the radicle, or the 
destruction of the tip by cuustie, greatly lessens or 
quite annuls in the upper and exposed part the power 
of bending towards a iic:i<r]ih(iuriiiir source of moisture. 
We should bear in mind that the ]wirt which bends 
most, lies at sumo little distance above the greased or 
cauterised tip ; and that the rapid growth of this part, 
proves that it has not been injured by the tips having 
been thus treated. In those cases in which the radicles 
with greased tips became curved, it is possible that the 
layer of grease was not sufficient!)* thick wholly to ex- 
clude moisture, or that a sufficient length w;is nut thus 
protected, or, in the case of the caustic, not destroyed. 
When radicles with greased tips are loft to grow fur 
several days in damp air, the grease is drawn out into 
the finest reticulated threads and dots, with narrow- 
portions of the surface left clean. Such portions 
would, it is probable, be able to absorb moisture, and 
thus we can account for several of the radicles with 
greased tips having become curved towards the sieve 



amount of moisture in 'the air on the two sides of a 
radicle resides in the tip, which transmits some influ- 
ence to the upper part, causing it to bend towards the 
source of moisture. Consequently, the movement is 
the reverse of that caused by objects attached to one 
side of the tip, or by a thin slice being cut off, or by 
being slightly cauterised. In a future chapter it 
will be shown that sensitiveness to the attraction of 
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gravity likewise resides in the tip; so that it is the 
tip which excites the adjoining pans of a horizontally 
extended radicle to bend towards the centre of tho 
earth. 

Secondary Radicles becoming vertically Geo- 
tropic by the destruction or injury of the 
Terminal Part of the Primary Radicle, 
Sachs has shown that the lateral or secondary 
radicles of the bean, and probably of other plants, are 
acted on by geotropism in so peculiar a manner, that 
they grow out horizontally or a little inclined down- 
wards ; and be has farther shown * the interesting fact, 
that if the end of the primary radicle he cut oft', one 
of the nearest secondary radicles clian.srcs its nature 
and grows perpendicularly downwards, thus replacing 
the primary radicle. We repeated this experiment, 
and planted beans with amputated radicles in friable 
peat, and saw the result described by Sachs; but 
generally two or three of the secondary radicles grew 
perpendicularly downwards. We also modified the 
experiment, by pinching vuiing radicles a little way 
above their tips, between the arms of a U-shaped 
piece of thick leaden wire. The part pinched was 
thus flattened, and was afterwards prevented from 
growing thicker. Five radicles had their ends cut 
off, and served as controls or standards. Eight were 
pinched ; of these 2 were pinched too severely and 
their ends died and dropped oil; 2 were not pinched 
enough and were not sensibly affected ; the remaining 
i were pinched sufficiently to check the growth of 
tlie terminal part, but did not appear otherwise injured. 
When the U-shaped wires were removed, after an 

* 'Arboiten But. Itolilut., lVQrcburg,' Huft iv. 1S74, p. 622. 
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interval of 15 days, the part beneath the wire was 
found to bo very thin and easily broken, whilst the 
part above was thickened. Now in these four cases, 
one or more of the secondary radicles, arising from 
the thickened part just above the wire, had grown 
perpendicularly downwards. In the best case the 
primary radicle (the part below the wire being 1£ inch 
in length) was somewhat distorted, and was not half 
as long as three adjoining secondary radicles, which 
had grown vertically, or almost vertically, downwards. 
Home of these secondary' radicles adhered together or 
had become confluent. We learn from these four cases 
that it is not necessary, in order that a secondary 
radicle should assume the nature of a primary one, 
that the latter should bo actually amputated ; it is 
sufficient that the flow of sap into it should be 
checked, and eciii.si^ueiitly should be directed into the 
adjoining secondaiy radicles ; for this seems to bo 
the most obvious result of the primary radicle being 
pinched between the arms of a U-shaped wire. 

This change in the nature of secondary radicles is 
< learly analogous, as Sachs lias remarked, to that 
which occurs with tlx; shoot* uf trees, when the leading 
one is destroyed and is afterwards replaced by one or 
more of the lateral shoots ; for these now grow upright 
instead of sub-horizontally. But in this latter case 
the lateral shoots are rendered apogeotropic, whereas 
with radicles the lateral ones are rendered geotropic. 
We are naturally led to suspect that the same cause 
acts with shoots as with roots, namely, an increased flow 
of sap into the lateral ones. We made some trials with 
Abies communis awl poclinata, by pinching with wire 
the leading and all the lateral shoots excepting one. 
But we believe that they were too old when experi- 
mented on ; and some were pinched too severely, and 
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some not enough. Only one case succeeded, namely 
with the spruce-fir. The leading shoot was not killed, 
but its growth was checked ; at its base there were 
three lateral shoots in a whorl, two of which were 
pinched, one being thus killed ; the third was left 
untouched. These lateral shoots, when operated on 
(July 14th) stood at an angle of 8° above the horizon ; 
hy Sept 8th the rmpinched one had risen 35°; by 
Oct. 4th it had risen 46°, and by Jan. 26th 4S°, anil 
it had now become a little curved inwards. Part 
uf this rise of 48* may be attributed to ordinary 
growth, for the pinched shoot rose 12 s within the same 
period. It thus follows that the unpinched shoot 
stood, on Jan. 26th, 50° above the horizon, or 34° 
from the vertical; and it was thus obviously almost 
ready to replace the slowly growing, pinched, lead- 
ing shoot. Nevertheless, wo feel some doubt about 
this experiment, for we have since observed with 
spruce-firs growing rather unhealthily, that the lateral 
shoots near the summit sometimes become highly 
inclined, whilst the leading shoot remains apparently 
sound. 

A widely dillWt.'iil ajreiicY not rarclv i.'anses shoots 
which natural) v would have grown out horizontally to 
grow up vertically. The lateral branches of the Silver 
Fir (A. pectinate) are often affected by a fungus, 
Mcidium datinum, which causes the branch to enlarge 
into an oval knob formed of hard wood, in one of 
which we counted 24 rings of growth. According to 
Da Bary," when the mycelium penetrates a bud be- 
ginning to elongate, the shoot developed from it 
grows vertically upwards. Such upright shoots after- 

* See Ilia viilunHfl ntlicle- in rin: called i:i German " linen 



Digitized by Google 



Ca*P. IIL INJURING THE PRIMARY RADICLE. 1S9 



wards produce Intend and horizontal brunches; and 
they then present a curious appearance, as if a young 
fir-tree had grown out of a ball of clay surrounding 
the branch. These upright shoots have manifestly 
changed their nature and become apogeotropic ; for if 
they had not been affected by tlie /Eeidium, they 
would have grown out horizontally like all the other 
twigs on the same branches. This change can hardly 
be due to an increased flow of sap into the part ; but 
the presence of the mycelium will have greatly dis- 
turbed its natural constitution. 

According to Mr. Meehan," the steins of three 
species of Euphorbia and of Portulaca oleracea are' 
"normally prostrate or procumbent;" but when they 
are attacked by an iEcidiuin, they " assume an erect 
habit" Dr. Stahl informs us that he knows of several 
analogous cases ; and these seem to be closely related 
to that of the Abies. The rhizomes otSparganium 
ramosum grow out horizontally in the soil to a con- 
siderable length, or are diageotropic ; but F. Elfving 
found that when they were cultivated in water 
thutr tips tamed upwards, and they became upogoo- 
tropic. The same result fallowed when the stem of the 
plant was bent until it cracked or was merely much 
bowed .f 

No explanation has hitherto been attempted of such 
cases as the foregoing, — namely, o!' secondary radicles 
growing vertically downwards, and of lateral shoots 
growing vertically upwards, after the amputation of 
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the primary radicle or of the leading shoot. The 
following considerations give us, aa we believe, the 
clue. Firstly, any cause which disturbs the con- 
stitution' is opt to induce reversion; such as the 
crossing of two distinct races, or a change of con- 
ditions, as when domestic animals become feral. 
But the ciise which most concerns us, is the frequent 
appearance of pcloric Mowers on the summit of a stem, 
or in tilt 1 centre of the inflorescence, — parts which, it is 
believed, receive the most sap; for when an irregular 
llower becomes perfectly regular or pcloric, this may 
be attributed, at least partly, to reversion to a primi- 
tive and normal type. Even the position of a seed at 
the end of the capsule sometimes gives to the seedling 
developed from it a tendency to revert. Secondly, 
reversions often occur by means of buds, independently 
of reproduction by seed ; so that a bud may revert to 
the character of a former state many bud-generations 

the individual with advancing age. Thirdly and 
lastly, radicles when they first protrude from the seed 
are always geotropic, and plumules or shoots almost 
always apogeotropic. If then any cause, such as an 
increased lion' of sap or the presence of mycelium, 
disturbs the constitution of a lateral shoot or of a 
secondary radicle, it is apt to revert to its primordial 
state ; and it becomes cither apogeotropic or geotropic, 
as the ease may be, and consequently grows either 
vertically upwards or downwards. It is indeed poa- 
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siblc, or even probable, that this tendency to reversion 
may have been increased, as it is manifestly of servicu 
to the plant. 

Summary of Chapter. 
A part or organ may be called sensitive, when its 

it lias been shown in tin's chapter, that the tip of the 
radicle of the bean is in *his sense sensitive to the 
contact of any small object attached to one side by 
shellac or gum-water ; also to a slight touch with dry 
caustic, and to a thin slice cut off one side. The 
radicles of the pea were tried with attached objects 
and caustic, both of which acted. With Phaseohs 
vwliiftorus the tip was hardly sensitive to small squares 
of attached curd, but was sensitive to caustic and to 
slicing. The radicles of Tropieohun were highly sen- 
sitive to contact; and so, as far as we could judge, 
were those of Gos.il/iiiuin kerbacc'ttin, and they were 
certainly sensitive to caustic. The tips of the radicles 
of Cucurbita ovifera were likewise highly sensitive to 
caustic, though only niixlm'aldv ." to contact. Ita- 
■phanus sativus offered a somewhat doubtful case. 
With /Ksculus the tips were quite indifferent to 
bodies attached to them, though sensitive to caustic. 
Those of Quercus ruhwr and Zea mays were highly sen- 
sitive to contact, as were the radicles of the latter 
to caustic In several of these cases the difference hi 
sensitiveness of the tip to contact and to caustic was, 
as we believe, merely apparent; for with Gossypium, 
Eaphanus, and Cucurbita, the tip was so fine and 
flexible that it was very difficult to attach any object 
to ono of its sides. With the radicles of JEsculiis, 
the tips were not at all sensitive to small bodies 
attached to them; but it does not follow from this 
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fact that they would not Lave been sensitive to some- 
what greater continued pressure, if this could have 
been applied. 

The peculiar form of sensitiveness "Inch we are 
here considering, is confined to the tip of the radicle 
for a length of from 1 mm. to 1-5 mm. When this 
part is irritated bv contact with any object, by caustic, 
or bv a thin slice' being out off, the upper adjoining 
part' of the radicle, for a, length of from 6 or 7 to 
even 12 mm., is raoitcd to bend away from the side 
which has been irritated. Some influence must there- 
fore U' transmitted from the tip along the radicle for 
this length. The curvature thus caused is generally 
symmetrical. The part which bends most apparently 
coincides with that of the most rapid growth. The 
tip and the basal part grow very slowly and they 
Wild very little. 

Considering the widely separated position in the 
,,».eiablo series of the several above-named genera, 
»o may conclude that the tips of the radicles of all, or 
almost all, plants •« similarly sensitive, and transmit 
an influence causing the upper part to bend. With 
respect to the tips of flic secondary radicles, those of 
Vino Ma. Pisaia satimim, and Zea wwt/s were alone 
oWrv'od, and they were found similarly sensitive. 

In order that these movements shoidd be properly 
displayed, it appears necessary that the radicles 
should grow at their normal rate. If subjected to a 
high temperature and made to grow rapidly, the 
tip, seem either to lose their sensitiveness, or the 
,,,'per part to lose the power of bending. So it 
„ , ,„,rs to be if they grow very slowly from not being 
v'.o.rons, or from being kept at too low a temperature , 
„1«, when they are forced to germinate m the middle 
of the winter. 
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The curvature of the radicle sometimes occurs 
within from 6 to 8 hours after the tip has been irritated, 
and almost always within 24 h., excepting in the 
case of the massive radicles of JEsoulns. Tlie curva- 
ture often amounts to a rectangle, — that is, the ter- 
minal part bends upwards until the tip, which is but 
little curved, projects almost horizontally. Occa- 
sionally the tip, from the continued irritation of the 
iithichi.'il ol'j'-ut, con iii UK'S lo Lu:inl up until il forms a 
liook with the point directed towards the zenith, or 
a loop, or even a spire. After a time the radicle 
apparentlv becomes accustomed to the irritation, as 
occurs in tho case of tendrils, for it again grows down- 
wards, although the hit of card or other object may 
remain attached to the tip. 

It is evident that ii small object attac;io<] to t.lio free 
point of a vertically suspended radicle can offer no 
meehanica] resistance to its grow th as a whole, for the 
object is carried downwards as the radicle elongates, 
or upwards as the radicle curves upwards. Nor can 
the growth of the tip itself be mechanically checked 
by an object attached to it by gum-water, which 
remains all the time perfectly soft. The weight of 
I lie object, though cuite iusignilicunt, Is opposed 
to the upward curvature. We may therefore conclude 
that it is the irritation due to contact which excites 
the movement. The contact, however, must be pro- 
longed, for the tips of 15 radicles were rubbed for a 
"liort time, and (his did not cause them to betid. Here 
then we have a cose of specialised sensibility, like 
that of the glands of Drosera ; for these are ex- 
quisitely sensitive to the slightest pressure if prolonged, 
bat not to two or three rough touches. 

When the tip of a radicle is lightly touched on one 
side with dry nitrate of silver, the injury caused is 
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very slight, ami the adjoining up^or part benda away 
from the cauterised point, with more certainty in most 
cases than from an object attached on one side. Here 
it obviously is not the mere touch, but the effect 
produced by the caustic, which induces the tip to 
transmit some influence to the adjoining part, causing 
it to bend away. If one side of the tip is badly 
injured or killed by the caustic, it ceases to grow, 
whilst the opposite side continues growing; and the 
result is that the tip itself bends towards the injured 
fide and often becomes cmnpietidv hooked ; and it is 
ifinarkai.de that in this e:ise the adjoining upper part 
does not bend. The stimulus is bio powerful or the 
shock too great for the proper influence to be trans- 
mitted from the tip. We have strictly analogous cases 
with Drosera, Dionaja and Pinguicula, with which 
plants a too powerful stimulus does not excite the 
tentacles to become incurved, or the lobes to close, or 
the margin to be folded inwards. 

With respect to the degree of sensitiveness of the 
upex to contact under favourable conditions, we have 
seen that with Victa fuba a little square of writing- 
paper affixed with shellac sufficed- to cause move- 
ment; na did on one occasion a square of merely 
damped goldbeaters* skin, but it acted very slowly. 
Short bits of moderately thick bristle (of which mea- 
surements have been given) affixed with gum-water 
acled in only three out of eleven trials, and beads of 
dried shellac under j^th of a grain in weight acted 
only twice in nine cases; so that here we have 
nearly reached tlio minimum of necessary irrita- 
tion. The apes, therefore, is much less sensitive to 
pressure than the glands of Drosera, for these are 
nfluctod by far thinner objects than bits of bristle, 
iind by 11 very much less weight than ijjgth of a grain. 
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But the most interesting evidence of tlio delicate 
sensitiveness of the tip of tbo radicle, was afforded by 
its power of discriminating between equal-sized squares 
of card-like and very tliin paper, when these were 
attached on opposite aides, as was observed with the 
radicles of the bean and oak. 

When radicles of the bean are extended horizon- 
tally with squares of card attached to the hirer sides of 
their tips, the irritation thus caused was always con- 
quered by gcotropism, which then acts under the most 
favourable conditions at right angles to the radicle. 
But when objects were attached to the radicles of and 
of the above-named genera, suspended vertically, the 
irritation conquered geotropism, which latter power 
at first acted obliquely on the radicle; so that the 
immediate irritation from the attached object, aided 
by its after-effects, prevailed and caused the radicle 
to bend upwards, until s-ometinics the point was 
directed to the zenith. We must, however, assume 
that the after-effects of the irritation of the tip by an 
attached object come into play, only after movement 
has been excited. The tips of the radicles of the pea 
seem to be more sensitive to contact than those of the 
bean, for when they wore extended horizontally with 
squares of card adhering to their lower sides, a most 
curious struggle occasional) y arose, sometimes one 
and sometimes the other force pivvailing, but ulti- 
mately geotropism was always victorious; neverthe- 
less, in two instances the terminal part became so 
much curved upwards that loops were subsequently 
formed. With the pea, therefore, the irritation from 
an attached object, and from geotropism when acting 
at right angles to the radicle, are nearly balanced 
forces. Closely similar results were observed with the 
horizontally extended radicles of Cueurbita ovi/era, 
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when their tips were slightly cauterised on the lowoi 
side. 

Finally, the several co-ordinated movements by 
which radicles are enabled to perform their proper 



the tip. But Sachs has proved * 
the secondary radicles, or those emitted by the 



primary c 

maimer that they tend to hend only obliquely 'down- 
wards. If they bad been acted on like the primary 
radicle, ali the radicles would have penetrated the 
ground in a close bundle. We have seen that if 
the end of the primaiy radicle is cut off or in- 
jured, the adjoining secondary radicles become geo- 
tropic and grow vertically downwards. This power 
must often be of great service to the plant, when the 
primary radicle has been destroyed by the larvs of 
insects, burrowing animals, or any other accident. The 
tertiary radicles, or those emitted by the secondary 
ones, are not influenced, at least in the case of the 
bean, by geotropism; so they grow out freely in all 
directions. From this manner of growth of tlio various 
kinds of radicles, they are distributed, together with 

manner ; for tlio whole soil is thus closely searched. 

Geotropism, as was shown in ihe last chapter, 
excites the primary radicle to bend downwards with 
very little force, quite insufficient to penetrate the 
ground. Such penetration is effected by the pointed 



1 Arbcikn But. ItibiiluU, Wilraburg,' Hi 



pp. 605 -est 



Chap. III. SUMMARY OF CHA1TER. 



197 



apex (protected by the root-cap) being pressed down 
by the longitudinal expansion or growth of the ter- 
minal rigid portion, aided by its transverse expan- 
sion, both oi' which forces act powerfully. It is, 
however, indispensable that the seeds should be at 
first held down in some manner. When they lie 
on the bare surface they are held down by the attach- 
ment of the root-hairs to any adjoining objects ; and 
this apparently is effected by the conversion of 



get covered up by various accidents, or they fall into 
crevices or holes. With some seeds their own weight 
suffices. 

Xbe eircumu mating movement of the terminal grow- 
ing part both of the primary and secondary radicles 
is so feeble that it can aid them very little in pene- 
trating the ground, excepting when the superficial 
layer is very soft and damp. But it must aid them 
materially when they happen to break obliquely into 
cracks, or into burrows made by earth-worms or lan;c. 
This movement, moreover, combined with the sen- 
sitiveness of the tip to contact, can hardly fail to be 
of the highest importance; for as the tip is always 
endeavouring to bend to all sides it will press on all 
sides, and will thus be able to discriminate between 
tiie harder and suiter adjoining snriaees, in the same 
manner as it discriminated between the attached 
squares of card-like ami thin paper. Consequently it 
will tend to bend from the harder soil, and will thus 
follow the lines of least resistance. So it will be if it 
meets with a stone or the root of another plant in the 
soil, as must incessantly occur. If the rip were nut 
sensitive, and if it did not excite the upper part of the 
root to bend away, whenever it encountered at right 
angles some obstacle in the ground, it would be liable 
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to be doubled up into a contorted mass. But we have 
seen with radicles growing down inclined plates oi 
glass, that as soon us the tip merely touched a slip of 
wood cemented across the plate, the whole terminal 
growing part curved away, so that the tip soon stood 
lit right angles to its former direction ; and thus it 
would be with an obstacle encountered in the ground, 
us far as tiic pressure of the surrounding soil would 
permit. We can also understand why thick and strong 
radicles, liko those of iHsculus, should be endowed 
with less sensitiveness than more delicate ones; lot 
the former would be able by the force of their growth 
to overcome any slight obstacle. 

After a radicle, which has been deflected by some 
stone or root from its natural downward course, 
reaches tbe edge of the obstacle, geotropism will direct 
it to grow again straight downward ; but we know tiiat 
geotropism acts with very little force, and here another 
excellent adaptation, as Sachs lias remarked,* comes 
into play. For the upper part of the radicle, a little 
above the apex, is, as we have seen, likewise sensitive; 
and this sensitiveness causes the radicle to bend like a 
tendril towards the touching object, so that as it nibs 
over the edge of an obstacle, it will bond downwards ; 
and the curvature thus induced is abrupt, in which 
respect it differs from that causer] l>y the imtal ion ui 
one side of the tip. This downward bending coincides 
with that due to geotropism, and both will cause the 
rout to resume its original eour.se. 

As radicles peroeivu an excess of moisture in the uir 
on one side and bend towards this side, we may infer 
that they will act in the same manner with resjiect to 
moisture in the earth. The sensitiveness to moisture. 



* •A.bdten Cot. Inat Wuraburs,' llofr. iii. p. 456. 
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resides in the tip, which determines the bonding of 
the upper part. This capacity perhaps partly accounts 
for the extent to which drain-pipes often become 
choked with roots. 

Considering; the several facts given in iliis chapter, 
we see that the course followed by a root through 
this soil is governed by extraordinarily complex and 
diversified agencies,— by geoi mpism acting in a 
different manner on the primary, secondary, and ter- 
tiary radicles, — by sensitiveness to contact, different in 
kind in the apex and in the part immediately above 
the apex, and apparently by sensitiveness to the 
varying dampness of different parts of the soil. 
These several stimuli to movement are all more 
powerful than geotropism, when this acts obliquely 
on a radicle, which lias been deflected from its perpen- 
dicular downward course. The roots, moreover, of 
most plants are excited by light to bend either to or 
from it ; but as roots are not naturally exposed to the 
light it is doubtful whether this sensitiveness, whieh is 
perhaps only the indirect result of the radicles being 
highly sensitive to other stimuli, is of any service to 
the plant. The direction whieh the apex takes at each 
successive period of the growth of a root, ultimately 
determines its whole course; it is therefore highly 
important that the apex should pursue from the first 
the most advantageous direction ; and wo can thus 
understand why sensitiveness to geotropism, to contact 
and to moisture, all reside in the tip, and why the tip 
determines the upper growing part to bend either 
from or to the exciting cause. A radicle may bo 
compared with a burrowing animal such as a mole, 
which wishes to penetrate perpendicularly down into 
the ground. By continually moving his head from 
side to side, or circnm nutating, he will feel any stone 
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or other oli.slai.4c, as welt as any tliile.renee in the 
hardness of tLe soil, and he will turn from that side ; 
if the earth is damper on one than on the other side 
he will turn thitherward as a better hunting-ground. 
Nevertheless, after eaeh interruption, guided by the 
sense of gravity, he will be able to recover his down- 
ward course and to burrow to a greater depth. 
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CHAPTER IV. 

the clbcumketiting movements of the be vera: parts 01> 
Hat hue 1'lanta. 

' stolons ; aid thus off»nW in winding anionic tho e^ma of Bur- 
rounilii!;: plants- Uireummiii'timi ,.r lliiwor-ettms— Cite iimn illation 
of Diootyloiuiii.ua leaves— Siiivulur iiscillab-rv iiu.vi-iiient of loavea 

of Dionrcn— l.mn.'B of Ctiui-aliia sink ul ni;:lit— T-iijivi-k of Gy o- 

epernjs— Of M«t ntvliiinns- (.•rviitn^iin. — (..'nurlmliiif,' rrinarka 

sink in tlic morning. 

We have seen in the first chapter that the stems of all 
seedlings, whether hypocotyls or epicotyls, as well as 
the cotyledons and tho radicles, are continually cir- 
cumnutating — that is, they grow first on one aide and 
then on another, such growth being probably preceded 
by increased turgcsccnce of the cells. As it was 
unlikely that plants should change their manner of 
growth with advancing age, it seemed probable that 
the various organs of all plants at all ages, as long as 
they continued to grow, would be found to circum- 
nutate, though perhaps to an extremely small extent. 
As it was important for us to discover whether this 
was the case, we determined to observe carefully a 
certain number of plants which were growing vigor- 
ously, and which wero not known to move in any 
manner. We commenced with stems. Observations 
of this kind are tedious, and it appeared to us that it 
would bo sufficient to observe the stems in about a 
score of genera, belonging to widely distinct families 
and inhabitants of various countries. Several plants 
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were selected which, from being woody, or for other 
reasons, seemed the least likely to civctimmttate. The 
observations and the diagrams were made in the 
mariner described in the Introduction. Plants in pots 
were subjected to a proper temperature, and whilst 
being observed, were kept either in darkness or were 
feebly illuminated from above. They are arranged 
in tho order adopted by Hooker in Lo Maout and 
Deeaisne's ' System of Botany.' The number of the 
family to which each genus belongs is appended, as 
this serves to show the place of each in the series. 

(1.) Iberia umbtllata (CrucifenB, Fam. 14>— The movement of 
the stem of a young plant, i indies in height, consisting of 
four inleriiud^ (llio liypcvotyl mcliv.le(i) liusides a largo hud 



Fig 70. 




on the summit, was traced, as here shown, during 24 h. 
(Fig. 70). As far aa wt could judge the uppermost inch alone 
of tho stem circum nutated, and this iii a simple manner. The 
movement was slow, and the rate very imii]iiiil at different 
times. In part of its course an irregular ellipse, or rather 
triangle, was completed in 0 h. 30 m. 

(2.) Zirassica Jerucea(Cruciferie).— A very youngplant, bearing 
three leaves, of which the longest was only three-quarters of an 
inch in length, was placed under a microscope, furnished with 
an eye-piece micrometer and the tip of tho largest leaf was 
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found to be in rorwlant movement. It crossed Svo divisions! of 
the micrometer, tl.ut i*. ya^th of uii icch. in 6 ul 'it> s. There 
cou!d hardly tx- a doubt t'nat it was tl.o stent winch chiefly 
mo'fd, for the tip did n"t pet quickly out of focus; m:i [h;s 
would have occ.irrod had tlie niotflmort lieen confined to the 
loaf. »h;c!i muvcx ii|i or down :?l m arly tlw kuiiio vertical plane. 

(3 } J.ihnm M,!.:t:isi"M'n ( I .ji.cio, Fan. 39;.— The MCme (if tl;m 
plant, shortly before the lluwcrma period, are stated by Fritz 
Midler ('Jonaisehe Zeitsohrift,' li. v. p. 137) to revolve, or 
circumnutate. 

(4.) Peliiri/oniam ornate (Geraiiiaceai, Fam. 47). — A young 
plant, 74 inches in height, was observed in tie usual manner; 
but, in order to seo the bead at the end of tho glass filament 



Pttaryonium imuite: timumniLtali f item of young nl;int, feelilv illu- 
minated from uboi-e. Movomont of teid magnified nbout 11 times ] 
triced on a horijuiitiil gluss fro in noon on March 9th to 8 A.M. on 



and at the Game time the mark Ixsnoath, it was necessary to cut 
off three leaves on one side. We do not know whether it was 
owing to this cause, or to tho plant having previously become 
bent to one side through heliotropism, but from the morning of 
the 7th of March to 10.30 p.m. on the 8th, the stem moved 
a considerable distance in a zigzag line in tho same general 
direction. During the night of the 8th it moved to some 
distance at right angles to its former course, and next morning 
(9th) stood for a time almost still. At noon on the 9th a new- 
tracing was begun (see Fig. 71), which was continued till 8 a.m. 
on the Uth. Between noon on the 9th and 5 p.m. on the 10th 
(i.e. in the course of 29 h.), tho stem described a circle. This 
plant therefore c ire Humiliates, but at n very slow rate, and to a 
small extent. 

(5.) Tropadum mo/us (!) (dwarfed var. called Tom Thumb); 
(Geram'acea), Fam. 17).— TK' ^wdus of this genus climb by Hie 




the 
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aid of thoir sensitive petioles, but some of them also twine 
round supports; lmt c.wm t!n:si! Litter Hiieeiiiii do not begin to 
circnmnutate in a conspicuous manner whilst young. The 

Fig. 72. 



variety here tread; ! ->r hit; n rrttlior thick stem, and is so dwarf 
that apparently it does not climb in any manner. We there- 
fore wished to ascertain whether the stem of a young plant, 
„,„ „ consisting of two in- 

tcrnodes, togetiier 32 
inches in height, cir- 
cmimntnted. It was 
olwerved during 25 h., 
and wo see in Fig. 72 
that the Etem moved in 
a zigzag course, indicat- 
ing H renin mi (at ion. 

(G.) Tri/Clium rvmpi- 
natum (Legiuninosie, 
Fnm. 75).— When wo 
treat of the sleep of 
ilnnts, we shall see that 
he stems in several 
Leguminous genera, for 
on rente*; s-hw tVi. m "('i.:ir> "sstiiiiei:, ihoso of TTi-dy- 
a.m. tn 4.:;o ]mt. No-,-. Snl. TnuHis rji' ' serum, Mimosa, Meli- 
B«n_Ur h. ; !f of lotus, which arc not 

from above, climbers, eironmnntato 

in a conspicuous manner. 
Wo will hero give only a single instaiife (Fig. 73), showing 
the circiimnutatimi of the stem of a largo plant of a clover, 
Ti ifolium rtiuptnatum. In the course of 7 h. the stem chanted 




Cijai-. IT CJKCUMXUTATION OF STEMS. 205 

its course greatly ciylit times and rompletcd three irregular 
circles or ellipses. It therefore circum nutated rapidly. Some 
of the lines run at right angles to one another. 



£>:itu (livboi l) : i'iri ^irniitiitinn nf stem, tr.iceii on horizontal glass, f™ 
4 p.m'. Mnrch 14ih lo 8."" ■ • 
dacod to half of original 

(7.1 //;<''..'= idfit* (hyliriJ) (Rosacea, Fain. 76).— As wo hap- 
pened to hftvo a young plant, 11 inches 75 _ 
" i height 



which had been : 


raised from a cross 


between 


1 li.: ['iisjil 


oi-ry (Auttw Mows) 


and a N< 


ytlh Ainei 


•ican Iiulms, it was 


(lllW.;l-VC'l 


in the URl 


lal manner. During 


the mort 


ling of March 14th tho stem 


almost c 


OHiplvdrd 




moved f: 
reversed 


it to tho 


right At 4 p.m. it 
, und now a fresh 




was lifLrun 


., which was eon- 


Tillllr.l r] 


nring 40i 


h., and is gt^en in 


Fig. 74. 


Wo hen 


i have well-marked 






artli. (Saxifrngcte, 


Fara? 77 


).-A fiho, 


it on a hush about 




; it) lifiirlil 


was observed. The 


Wd changed its a 


lurso greatly eleven 


limes in tho cou 


rse of 10 h. 30 m. 



(9.) Fuchsia (grfenhoiise vat, with 

!:srji'f; flnniTS, j<rol>id>!y a hvbii'l I (Ana- 
prm-iefe. Fani. 100).— A young ])lant, 
15 inches in height, was observed during nearly 48 h. Tha 
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JteA'in (garden v»r.): cireiimiinlflfi™ of stun, 1,-r-i ■( in ilnrkue", traced cn 
homontnl glass, from 8.30 A.M. to 7 r.n. March 50th. Morenwnt of 
bend originally ntigriilje.! nl t 40 lim.M, h.'rc reduced to half ftale. 



.(10.) Gertw tp'ciociuimm (pnrden vnr., sometimes called 
Phyllocnctns nmltiflotns) (Cacteie, Fiiiu, 103). — Tin's plant 
which wns {.'i-iiwiiif* viuiiruu^ly from Imvirt; been removed n 
few days liefore from the preenhou™ to the hot-house, was 
observed with especial interest, as it seemed so little 'probablo 
Hint tho Mem would circiirmiiitate. The branches are Ant, or 
flabclliform ; lint some of them are triangular in section, with 
the three sides hollowed out. A branch of this latter shape, 
3 inches in length iiiid 11 in diameter, was chosen for observa- 
tion, riK less liki.lv to t'iicummitnlc than a Italic! liform branch. 
Tho movement of fho bead at the end of tho glass filament, 
affixed to the summit of the hrnnch, was traced (A, Fig. 77) 
from 3.23 a.si. to 4.3!) i>.m. on Nov '23rd, during vHcri time it 
changed its coiirsf! ^rcuMy t-ix limes. On the '24th another 
tracing was made (sec B), and the bead on this day changed its 
course oftencr, mukiug in 8 h. what mny lie considered as four 
ellipses, with their longor aies differently directed. The position 
of tho storo and its commencing course on the follovrins 
innming are likewise shown. There can lie no doubt that this 
branch, though appearing quite rigid, circumuutaUd; but the 



Digitized by Google 



Ciiai-. IV. CIUCl'SINlj'TATION OF STEMS. 



207 



extreme amount of movement during tha time was very small, 
probably rather less than the ^th of nil inch. 



PI* 77. 




(11.) H-lwu Mix (AihIwmm, Run. 114). 


-The stem is known 


to lie apheliotropic, anil several seedlings 




the greenhouse became bent in the midd 




right angles f>om the light. On Sept. 2nd 




were tied up bo as to stand vertically, an 


; hti-,; placd l.rfuie 


a northeast window; but to our eurp 




decidedly heliotropie, for during 4 days 


tliey curved them- 



Relics towards the light, and their course being traced on a 
horizontal kIuss, was strongly zigzag. Lluriiig the 0 nueceed- 
ing days they eircumuutatiM over the saiau sumll sjhicc at a 
slow rate, hut there could lie uo doubt align t their drcnimiufn- 
tion. The plants were kept exactly in the snrae place before the 
window, and after an internal of 15 days the stems ware 
again observed during 2 days and their movements traced, and 
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they were found to be still circum nutating, lint on a yet stmaller 

(12.) Gatovitt ringttu (Coinixisihe, Film. 122).— The circum- 
nutatiou (if Mm stein of a jouug plant, 7 inches in height, tin 
nioasurcil to the tip of the highest leaf, was iraced during 
Jfli Ik. and is (shown in : oi)i]ti.<n i y iiiy ligure (Fig. 78). Two 

Fig. 78. 




Saaw-jm ni.: circunmutnti™ of stem I.n<-ctl from 9 a.m. 



of its leading shoot was traced during 26 h. 40 m, as Bhown 
in the following figure (Fig. 7'J). 
(14.) Phtmkvjx Cfufii-is tPlumliaginetc, Fnm. 13-1).— A small 

ill an milIv of ;!V u! !.vc the limr/on. niis s f -iu-li-it I'i'i' .ilisi-r- 
vntion. For the first 11 1l. it moved to n considerable distance 
in a nearly straight line to one side, owing probably to its 
havliir; previously dflli'dol liy t lie [i-lit whilst standing hi 

the girwnhouKe. At 7.20 p.m. on Miireh 7th a fresh tracing »;is 
kigim und continued for the next 43 b. 40 in. (see Fig. 80). 
During the first 2 b. it followed nenriy the nunc direction M 
leforc, and then changed it a little; during the night it 
moved itt nearly right angles to its previous course, Kext 
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day (8th) it zigzagged greatly, and on the 0th moved irregu- 
larly round and round a small circular space. By 3 P.m. on 
the 9th the figure had hecomo so complicated that no more dots 
cnii id H mud'; , imt tin: siiiint <-:,r.' htu-.-d il i; :-i ui: i lie cvwiiin.' of 
the 9th, the whole of the 10th, and the morning of the 11th to 



Fit Fig. 80. 




DO times. 



cirenmrmtatf over ilm r.nnic smill '.vii.'di n-ai r.nlv al'mit 

the ^th of an inch ('itf mm.) in diameter. Although this 
branch circnmmitalrii to n very siimll rxluut, ytt it changed its 

magnified. 

£15.) JUvtfa fVcrbonoccw, Fam 173).- TIk, (to- 

ing figure (Fig. 81) gives the movements of a shoot during 
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rcumnutnled. The biioh was 




about 4<i timet. 

(Hi.) r.i, -h-:„,i „,■ 'iuilrtx ('.'.' (it n':ii'li:t-l[.i"'(-r^l lierbiUieons var.,i 
(Verbeiiaceai). — A shuot fi iri'^M^ in hci:;.)^. hitd been laid hori' 
snin tally, for the sake of oWrviiifi its njio^uotropisui, and the 
liiriuiua! |j irtiou liiul yiwji vc i t i l :i 1 1 y upwards lor ;i length of 
1! itiulitis A glass t:L;t[iiont, with a bead at the end, was fiscd 
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must have moved in a plane at rlj,'lit au.dos lo Hint of the lateral 
i)-(jv<:nii?nt. IIhl: is, it must have t:iri.- 1: Liin i it j; 1 uil . On tin: iicst (lay 
(6th) the shoot moved in the course of 16 h. four times to the right, 
and four times to the left; ami this apparent ly rqirtsraitB tins 
for illation of lour ellipses, so th:ii t-ir'.i m.s nninii.-luil in -1 1>. 

(17.) Ceratophyllitm demersum {Ceratophylleni, Fam. 2^0).— An 
interesting account of the movements <*i the stein of this water- 
plant has been published by ALE. Bodier* The movements are 
cunliiiejl lo tlie yo:mn' inijih-s, I n t-i n 1 1 i i . -j; l>-s mnl Vss hr.yft 
down the stem; ami fin: aro iixtraordiriary from their amplitude. 
The stems souiutimeH m;nv,l tli s-.ih.l-1i an ui^h- of uliove 2 0" in 
6 li., and in one instance through 220° in i) h. They generally 
bent from right to left in the morning, and in an opposite direc- 



SU[lr'rii:.!llS, qil'll SC. plMjlilW 1 m-'.tlt ■, on s'aiii-'iiii I 1 ii-sai it (ill !„'"t 

commence par la partie iiiferieure pour se terminer a la partie 
supSrieure qui, quelqut'foia, pen de temps avant de se relever 
tout a full, forme .nc: l'axc m; juil-Io tres aigu " 

(18) Co»ifir<e.—Dt. Maxwell Masters slates (' Journal Linn. 
Sue.,' Dec. 2nd, 187!)) that the leading shoots of many Conifene 
during the season of their active growth exhibit very romark- 
ablo movements of revolving nutation, that is. they circumnu- 
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(19.) Lilium auratum (Fam. Liliaceas).— Tlie circumnutatioD 




l.iliwn .win ;irr.i!inl(it,ili-..|i .if;: il,.:n in .l.ir'^r,^., tin I i.il ■ hiiriKiiital 

Eliin, from 8 AH. on March Uth to 8.J5 am. on Igta. But it ahould 
be noted thul our obssrvnriiiris were iulnrrupteil between fl P.M. on th» 
14th and 12.15 p.m. on 1/ilh, nn I the in or omenta during this interval 
of 18 h. 15 m. are represented bj n long broken lino. Diagram reduce! 

of tho stem of n plant 21 inuliss in ln-i^lit is represented in tha 
above figure (Fig. 83). 




f"p;n.;jnj nStraifaliro ; n ron rn notation of strm, illuminated from abore ; 
traced on h-riiontat j;1;l.=, M-n-n y -(ft A.M. Uiir.-li 9:h tn fll-.M. oo 10th 
The atcrn jfrewsn iiu.i.ily u iill-l li, h(; .)i|.-irv,-.i, r.h it it irainot rni'sibli 
to eatimsts hon much ita moreinaiiU wck magilBiJ in the tracing. 

(20.) Cyprus dUtrniftiiitt (Fam. Cvperneere.) — A glass 
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filament, with a bead at the end, was fixed across tho summit 
of a young stem 10 inches in bright, close beneath the crown of 
elongated leaves. On March Bth, between 12.20 and 7.20 p.m., 
the Klein described an ellipse, open at one end. On the follow- 
:!!'_' .l:iy ji new ; en'ini; \v:ls bikini (V>'A bl ), pliiinly ;;jiijws 

that the stem completed three in-ocular figures in tho course of 
35 h. 15 m. 

Concluding linmarl;s on tho Circuiiuiulation of Stems.— 
Any one who will inspect the diagrams now given, and 
will bear in mind the widely separated position of the 
plants described in the series, —remembering that we 
have good grounds fur tho belief that the hypoeotyls 
and epicotyls of all seedlings circumnutate, — not 
forgetting the number of plants distributed in the 
most distinct families uliieii climb by a. similar move- 
ment, — will probably admit that the growing stems 
of all plants, if carefully observed, would be found 
to circumnutate to a greater or leas extent. When 
we treat of the sleep and other movements of phmls, 
many other cases of ciruumnutating stems will be 
incidentally given. In looking at the diagrams, we 
should remember that the stems were always growing, 
bo that in each case the circumnntating apex as it 
rose will have described a spire of some kind. The 
dots were made on the glasses generally at intervals 
of an hour, or hour and a half, and were then joined 
by straight lines. If they had been made at intervals 
of 2 or 3 minutes, the lines would have been more 
curvilinear, as in the case of the tracks left on the 
smoked glass-plates by the tips of tho cireumnutatbg 
radicles of seedling plants. The diagrams generally 
approach in form to a succession of more or less 
irregular ellipses or ovals, with their longer axes 
directed to different points of the compass during the 
same day or on succeeding days. The stems there- 
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fore, sooner or Inter, bend to all sides; but after a 
stem has bent in any one direction, it commonly 
bends back at first in nearly, i.luuijrh nut quite, the 
opposite direction ; and this gives the tendency to 
the formation of ellipses, which are generally narrow, 
but not so narrow as those described bv stolons and 
leaves. On the other hand, the figures sometimes 
approach in shape to circles. Whatever the figure 
may be, the course pursued is often interrupted by 
zigzags, small triangles, loops, or ellipses. A stem 
may describe a single large ellipse one day, and 
two on the next. With different plants the com- 
plexity, rate, and amount of movement differs 
much. The steins, tor instance, of Jberis and Azalea 
described only a single large ellipse in 24 h. ; 
whereas those of the Deutziu. made tour or live deep 
zigzags or narrow ellipses in Ml- h., and those of the 
Trifolium three triangular or quadrilateral figures 
in 7 h. 

ClUCDMNOTATION OF STOLONS OK EtINNEES. 

Stolons consist of much elongated, flexible branches, 
which run along the surface of the strouii'.l ami form 
roots at a distance from the parent-plant. They are 
therefore of the same homoL'gieal nature as stems ; 
and the three following cases may be added to the 
twenty previously given cases. 

Frwiarii; (cultivated pirdrai vav.): AWicfir. — A plant growing 
in a pot had emitted a long stolon; this was supported bya 
stick, so that it projected for the length of several inches hori- 
zontally. A glass filament bearing two minute triangles of 
paper was affixed to the terminal bud, which was a little uj>- 
tnmed ; and its movements were traced during 21 h., as shown 
in Fig. 8"i. In ilii' ,:inu\se of the 1ir»t lii h. it moved twice up 
anil twice down in somewhat zigzag lines, and no doubt tra- 
velled in thu funis maimer during the night. On the following 
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morning after an intervn] of 20 h. tlic apex stood a little higliur 
than it did at first, mnl I.) lis sli >■„> (h:it the stolon Lad not been 




Fnsi/a.-fa: cii-cumn illation of sbilnti, kept in darkness, traced on rgrtical 
glsss, from 10.« a.m. May lihl, to T.45 A.M. on 19th. 

Beted on within this time by geotropism;* nor had its own 
weight caused it ti> fiend down wan Is. 

On tlie following mornin;; (lSJt.Ii) the glass filament was 
detached and rclixcd close liehind Die bud, ns it appeared pos- 
sible that the civcum nutation of the terminal bud and of the 
adjoining part of the stolon might bo different. The movement 
was now traced during two consecutive days (Fig. 86 \ During 
the first day the tilaineiit travelled in the course of 14 h. iil) m. 
livf times up and four times down, besides some lateral move- 
ment. On the 20th the course was even more complieatod, and 
ean hardly be followed in the l't<:nrc ; but the filament moyed in 
16 li. at least five times up and five times down, with very littlo 



• Dr. A. H, Frank state* C Die acted en by grntrnnism, but only 

Nstiivliclie ivtt™.'i'n-lito Kirhtuiiix nl't.-r a coiiBi.lrmlilu interval uf 

vim 1' ilaw.catii. il.nl.' LsTII. p. 20) time, 
that the still ens of Ihis plant ara 
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lateral deflection. The first ami last dots d 
day, viz., at 7 a.m. and 11 p.m., were close 
that the stolon had not fallen or risen. Ne 




•sep.m.lB 



and tin's may be attri- 
buted to alow bending 
down either from its own 
weight or from gcotro- 
pisro. 

During a part uftlie2;';lh 
an orthogonal tracing was 
made by applying a cube 
of wood to the vertical 
glass and lu'in^inj the 
apex of the slolon at suc- 
cessive periods into a line 
with one edp;e; a dot 
beint: made each time on 
tho glass. This tracing 
thcretrirc rt'tircfintedTcry 
nearly the actual amount 
of movement or the apex ; 
and in the course of 1) lu 
the distanco of the ex- 
treme dots from one an- 
other was '45 inch. By 
the same method it was 
ascertained that the apex 
moved between 7 A.M. on 
Vn.m.,2/" tlio 2(Ith and 8 a.m. on the 
o 21st a distance of Wii inch, 
win thclWfi ! -,,rp,^..i"Ji..(l>e™ [ A vonrif , eI aad snortoI 
manner, ,ii,.Un.i:c.H™n H J .M.May 19th ' h 

to8*M 21it. utolon was supported so 

that it projected at about 
45° aliovo the horizon, and its movement was traced by the 
same orthogonal method. On tho first day the apex soon 
rose above the field of vision. I)y tho next morning it hod 
sunk, and the course pursued was now traced during 1-1 h. 
30 in. (Fig. 87), The amount of movement woe almost tho sumo. 
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from side to side as up and down ; and differed in this respect 
remarkably from the movement in tlie previous cases. During 
the latter part of tho day, viz., between 3 and 10.30 p.m., the 

Fig. 87. 



jriO'a.m.ft& 




Fi«y<w:: diviiinm.tiitiiiii uf iiimlbiv :ie:iI n. tin '_-<'i -tuloii, trm-eil frum 
8 a.m. to 10.30 r\n. Figuw reduced to ono-linlf of original scilo. 

actual distance travelled by the apex amounted to 1'15 inch ; 
and in the course of the whole day to at least 2 67 inch. This 
is an amount of movement almost comparable with that of 

following day, mid mra- ii moved in a siOirii;wliut less complex 
manner, in a plane not far from vertical. The cxtrcmo amount 
of actual movement was 1/55 inch in one direction, and (i inch 
in iiimthiir dirccliiin nt ris;til iiii^ic... During iieillim- of these 
days did the stolon Imud dovinviinl* rliin.iu'ji gcotropisni or its 
own weight. 

Ponr F-trJonp still attuclicd I.-, Ilie plr.ni wr.ro laid on damp 

they are aplieliotropic when exposed to the light of the sun ; but 
we could not perceive any effect from the above feeble degree of 
illumination. We may add that on another occasion, late in the 
iummer, some stolons, placed upright hefore a south-west window 



* ■ Arbeileu Bot. insl, Wii^zbllr ; ,•, , 1872, p. J31. 
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on a cloudy day, became distinctly i.'iTvved towards the light, and 
wore therefore heliotropic. Close in front of the tips of the 
prostrate stolons, o crowd of very ttiin sticks and the dried 
haulms of grosstis were driven into the sand, to represent the 
ri'iiwilnil stems i.'l jiiin-'Hiiuiiiif.: | ''an Is in ;i si.-iti; <A nnturi.'. This 
iviLK donu fur tlie wd;-.- uf <.> ■•<. tWi -,: lmw tin"- s^rmvins; stolons 
would pass through them. They did so easily in the course of 
fi days, mid their riii'iinuint/irimi riiijuivmitly tVH itati-d their 
passage. When the tips encountered sticks so close together 
that they could not pass hot ween them, they rose up aud passed 
over them. The sticks and haulms were removed after tho 
passage of the four stolons, two of which were found to haio 
ussimied a permanently sinuous shape, aud two wore st>'l 
straight. But to this suhjeet wo shall recur under Saxifroga. 

Saxifruga sanatiiiom (Simfriiiiw)-— A plant in a suspended 
pot had emitted long branofced stolons, which depended like 



Fig. as. 




horlswitnl s \mt. lium r.t:> a.m. Ldlh to 0 A.x. in 

»lb. meTHiKiit of PHil ui .Mli>n i.i:i-ml].-.l >'J limes. 

threads on all sides. Two wore tied up so as to stand vertically, 
anil their upper ends Iiecame gradually hent downwards, hut so 
slowly in the course of several days, that the bending was pro- 
bably due to their weight and not to geotropism. A glass fila- 
ment with little triangles of piper was lijud to the end of one ot 
these stolons, wliieh was 17J inches in length, and had already 
become much bont down, but still projected at a considerable 
angle above the horizon. It moved only slightly three times 
from side to side and then upwards; on tho following day 
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the movement was even less. As this stolon was so long we 
thought that its growth was nearly completed, so we tried 
another which was thicker and slturtcr, viv.., i<>; inches in lenpi It. 
It moved greatly, ehielly upwards, and changed its course five 
times in the ronrse tit' the dny. .Dunne: tin; jtipht it curved se 
much upwards in opposition to gravity, that the movement 
could no longer be traced on the vertical glass, and a horizontal 
one had to be used. Tbo movement was followed during tho 
nest 25 h., as shown in Fig, 8S. Three irregular ellipses, with 
their longer m<-n somewhat differently directed, were almost 
completed in the first 15 li. The extreme actual amount of 
movement of the lip during (he 25 h. was 75 inch. 

Several stolons were laid on a flat surface of dump sand, in tho 
same mannor as with those of the strawberry. The friction of 
the sand did not interfere with their oircuinmitation ; nor could 
vr dried any evidence of tln-ir hein;; sensitive to contact. In 
order to see how in a state of nature they would act, wlieu 
encountering a stone or other obstacle on the ground, short 
pieces of smoked glass, an inch in height, were stuck uprreht 
into the sand in front of two thin lateral branches. Their tips 

course. The apex of a third thick stolon swept up the glasifir! a 

moved to the right, and after ascending, descended vertically; 
ultimately it passed round oik end of the glass instead of over it. 

Many long pins were next driven rather close together into 
the sand, so as to form a crowd in front of the same two thin 
lateral branches; hut these easily wound tlieir way through 
the crowd. A thick stolon was much delayed iti its pas^i^c ; 
at one place it was forced to turn at right angles to its former 
course; at another place it could not pass through the pins, 

pins which happened to diverge ; it then descended and finally 
emerged through tho crowd. This stolon was rendered perma- 
nently sinuous to a slight decree, and was thicker where sinuous 
than elsewhere, apparently from its longitudinal growth having 
been checked. 

Cotyledon umbilicus (Crassulacee).— A plant growing in a pan 
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of damp moss Lad emitted 2 stolons, 22 and 20 inches in length 
One of those was supported, so that a length of 41 inches pro. 
ieoted in a straight and horizontal line, and the movement 
of the apei was traced. The first dot w«a made at 9.10 ut. 




5'7ft inches from the v 
how ranch the traeinj 
it length of the intern. 



n Iviid downwards and a 



the terminal portion sot 

tinned to do so until noon, Therefore a straight line, very 
nearly as lone as tl.es whole figure hi-ie given (Fig. 89), was first 
traced on the glass; but the upper p^rt of ibis line has not been 
copied in the diagram. The curvature occurred in tho middle 
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respect, was observed daring the same two days, but only two 
inches of the terminal portion was alkmvd to project freely and 
horizontally. On the Sorb ^continued from 11.10 A.M. to 1.80 p.m. 
to bend straight downwards, apparently owing to Us weight 
(Fig. 90); hut after this hour until 1U35 p.m. it zigzagged. 
This fact deserves notice, for wo here probably fee the combined 
effects of the bonding down from weight anl of circunmutntion. 
The stolon, however, did not oirpamntitata when it first began 
to I'end down, sik may be observed in ttie present diagram, and 
as was still more evident in the hist case, when a longer portion 
of the stolon was left unsupported. On the following day 
(iiolh) the stolon moved twice up and twice down, but still con- 
tinued to fall ; in the evening and (hiring the night it travelled 
from some unknown cause in an oblique direction. 

We see from these three cases that stolons or 
runners ciictim nutate in a very complex manner. The 
lines generally extent! in a vertical plane, and this 
may probably be attributed to the effect of the weight 
of the unsupported end of the stolon ; but there is 
always some, and occasional I v a considerable, amount 
of lateral movement. The ci ran mint at ion is so great 
in amplitude that it may almost be compared with 
that of climbing plants. That the stolons are thus 
aided in passing over obstacles and in winding between 
the stems of the surrounding plants, the observations 
above given render almost certain. .If they had not 
circumnutated, their lips would have been liable to 
have been doubled up, as often as they met with 
obstacles in. their path ; but as it is, they easily avoid 
them. This must be a considerable advantage to the 
plant in spreading from its parent-stock ; but we are 
far from supposing that the power has been gained 
by the stolons for this purpose, for circum nutation 
seems to he of universal occurrence with all growing 
parts; but it is not improbable that the amplitude 
of the movement may have been specially increased 
this purpose. 
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ClRCDMNUTATION OF FLOWER-STEMS. 

We did not thiuk it necessary to make any special 
observations on the circii [limitation ot' flower-stems, 
these being axial in their nature, like stems or stolons ; 
but some were incidentally made whilst attending 
to other subjects, and these we will here biielly give. 
A few observations have also been made by other 
botanists. These takeu together sufliee to render it 
probable that all peduncles and sub-ped>m';Jes cir- 
cumnutate whilst growing. 

Oxali* ca.-nosu-. — The peduncle which spring fi.jia the [hick 
mid woody litem uf tlii;; y.-dM Ih:ii> iIiiti or four ecJi-ped uncles , 



Fig. 91. 




0.-,; H.-.r...,,:,- I . :,. 1 \, i 1 ! .| .sl.ors. it . . 




A filament with little triiraples of paper was fiseii i 




calyx of a flower which stood upright. Its movem 




observed for iH h. ; during the first hiilf of this time 


the flower 


figure liere given (Fig. 91) represents 8 or 9 ellipses, 




the mum peduncle ci rem u nutated, and deserilnl one 


I urge and 
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two smaller ellipses in the course of 21 h., jet the chief seat ol 
movement lies in the sub-peduncles, which ultimately bend 
vertically downwards, as will be described in a future chapter. 
The peduncles of Oralis :-• • likewise i*nd downwards, and 
afterwards, when the pods are nearly mature, upwards; and this 
in effected by a cimunnutating inurement 

It may be seen in the above figure that the floier-stem of 
O.airnosi cireumnutated during t«o days about the same spot 
On the other hand, the flower-stem of Kiiiitien undergoes a 
strongly marked, daily, periodical chuti^e of position, when hept 
at a proper temperature. In the middle of the day it stands 
Vertically up, or at a high angle ; in the afterno in it sinks, and 
in the evening projects horizontally, or almost horizontally, 
rising again during the night. This movement continues from 
the period when the flowers are in bud to when, as we believu, 
the pods are mature : and it ought perhaps to have been included 
amongst the so-called siiep-movements of plants. A tracing 
was nut made, but thaanglei were measured at successive periods 
during one whole day; and these showed that the movement 
Wlis not continuous, hut that the peduncle oscillated np and 
down. We may therefore conclude that it eircumnu fated. At 
the base of the peduncle there is a mass uf small cells, forming 
a well- developed puivinus, which is exteriorly coloured purple 
and hairy. In no other ucsin-.a-s far as we know, is the peduuele 
furnished witha puivinus. The peduncle of 'a O.fgctii behaved 
differently from that of U. i mitint, for it stood at a less angle 
above the horizon in the middle of the day, than in the morning 
or evening. By 10.20 p.m. it had risen greatly. During the 
middle of the day it oscillated much up and down. 

Tri/olium su&ierntn-um.— A filament was fixed vertically In 
the uppermost part of the peduncle of a young and upright 
dower-bead (the stem of the plant having been secured to a 
stick); and its nuvemettts were traced during 36 h. Within 
this time it described (.see Fig. Shll a figure which represents four 
ellipses; but during the latter part of the time the peduncle 
began to bend downwards, a.d after 10.30 F.ai. on the 21th it 
eurved so rapidly down, that by 6 15 a.m. on the 23ih it stood 
only 19° above the horizon. It went on ciicumnuiating in nearly 
tile' same portion for two days. Even after the flower-heads 
HgHturicd themselves in the ground thay continue, as will 
f^^fer bo shown, to firvwmiatate. It will also be seen in the 
' ,pter that the sub-psdunclcs of tho separate flowers of 
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Ts-ifoiium 7-cji' «.s (!irciironnt;ito in a complicated coursa diirins 
several days. I mny add that tlio gyaojiliorc of -dj-ocSis hypogaa, 

Fig. ea. 



24th. 



which looks exactly like si [>< diEM-le, ih" jciimmitateE whilst growing 
vertically downwards, in order to bury the young pod in the 
ground. 

The moTeraonis of the flowors of Cyda-ir.en P-rsicum wero not 
olist'i-vcJ ; lint the iM'-.linn-liT, wlii^r. fiif jnii i'urmiriL.-, increases 
much in length, and bows itself down by a circumnutating 
movement. A young peduncle of Muarandta tenrptrflomu, 
H inch in length, whs (Miw'ully ul>sei- V ed (hiring :i whiile dsty, 
iind it nitidc i\ narrow, u-r^cal. iii'i. : !vu-;i)' ami short ellipses, 
each at an svorngo rate of about 2 h. UD n>. An adjoining 
peduncle described during the same time similar, though fewLT, 
ellipses." According to Sachs f the flower-sterns, whilst growing 
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of many plants, for instance, tli ': i; if llfttxie.it nn-pia, revolve or 
cirouiuuutate; those of Alli-w iwrriim bend from side to side, 
Slid, if this iiiovonie.nl iu:i l.UiCii trai:id on n horizontal _'ln^, 
no doubt ellipses would have been formed. Fritz Miillor haa 
described ' the spontaneous revolving iiiovcmouts of the flower- 
(.luiiis o: ar. Alisraa, v.'hn:i! :h: oompiros with T.hotio of a dmil'in^ 
plant. 

We made no observations on the movements of the different 
parts of flowers. Horren, however, has observed f in the 
.-lam.']].- of Hpaianannia anu (.'(."iiu- a " frun .inomout spmltaiiO," 
ivhjiiii. ii may bo subpoenal, in n dreuniauiaii'is movement. 
Tin; eirouiimnlaiion of (he ^yiioi-tcminsii of Ssylitlium, ae de- 
scribed hy Gad,J is highly reit^u kal'io, ad I apparently aids in 
tin! ferlilisatuiu of the (lowers. The gynnstemiuin, whilst, spou- 
laneously moving, comes into contact with the viscid labelliim, 
to which it adheres, until freed by ihu iuereasiii£ tension of the 
parts or by being touched. 

We have now seen that the flower-stems of plants 
belonging to such widely different families as the 
Cruciferre, Oxalidse, Leguminosfe, Priinuiacete, Scro- 
plitilarineie, Alismaceas, and Liliacca;, circumnutate ; 
and that there are indications of this movement in 
many other families. With these facts before us, 
bearing also in mind that the tendrils of not a few 
plants consist of modified peduncles, we may admit 
without much doubt that all growing flower-stems 
cu-eum nutate. 



Cikcijm nutation of Leaves : Dicotyledons. 
Several distinguished botanists, Hofmeister, Sachs, 
Pfeffer, De Vries, Eatalin, Millardet, &c, have ob- 



p. 7116. I.miiwtis Mul TicviiMiuii jilii'.- .■ivtmiiniitatton. 
(.uvnuli!!!; to I'lVfftr, -De IV • 'Jtiniia.;iiC Zwr.cii.,' 
liniii-rii.':! II ■A.-rar:'. r.' in., 11. j,. Ill !. 



a 1'Arnd. H. da 



|yiaiLi"ria liy night mid ilfiy, arid 
wo blmll bi c in Iho cbnu'tur on 
ll.o Sleep of Plants Ihat this ira. 
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served, ami some of them with the greatest aire, the 
periodical movements of leaves ; bat their attention 
Ii.'ls bi'cti chiefly, tlmiijrh not exclusively, ri i rr-rrt-t**! to 
those which move largely and arc commonly said to 
sleep at night. From considerations hereafter to he 
given, plants of this nature are here excluded, and 
will bo treated of separately. As we wished to ascer- 
tain whether all young and growing leaves oireummi- 
tated, we thought that it would be suflieieut if we 
observed between 30 and 40 genera, widely distributed 
throughout the vegetable series, seleeting some un- 
usual forms and others on woody plants. All the 
plants were healthy and grew in pots. They were 
illuminated from above, but. 1 lit' li-rht perhaps was not 
always sufficiently bright, as many of them were ob- 
served under a skylight of ground-glass. Exeept in a 
few specified eases, a fine glnss filament with two miimt« 
triangles of paper was fixed to the leaves, and their 



that the broken lines represent 

was always secured to a stick, 
close to the base of the leaf 
tinder observation. The ar- 
rangement of the species, with sarrvamtaptL r 

the number of the I'auiily an- nut*tin n oi' young [>iii-in:r, 

, , - „ . traced from 8 A.JL July 3rd 

pended, is the same as in the to 10.15 a.*. «h. f«n|i. 

ease of stems. (; - '>i'"' " f r itci >" 




(L) JtrncMA fmrjmM (EH 
the limul not as Ji;l n 
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across its apex ; it was observed for 48 h., and during the whole 
of this time it circum nutated in a nearly similar manner, but 
to a very small extent. The tracing given (Fig. 03J relates 
'.s during the first 26 h. 

(2.) ''7«(«-t«m lateum (Papavc- 
raceto, Fam. 12).— A young plant, 
bearing only 8 leaves, had a fila- 
ment attn(;liw! to tlio vnimaest leaf 
but one, which was 3 inches in 
length, including the petiole. Tlie 
circu mutilating movement . was 
traced during 47 h. On lx>th days 
the loaf descended from before 7 am. 
until altoilt II A.M., and tlion 
ascended slightly during the rest 
of the day and the earl; part of 
the night. During the latter part 
of the night it fell greatly. It did 
not ascend so much during the 
second as during the first day, and 
it descended considerably lower on 
the second night tlian on the first. 
This difference was probably duo 
to the illumination from abovo 
having been insufficient during the 
two iliiys nf (ibwurvaiiim. 1 t.s course 
during tlie two days is shown in 
Fig. 91. 

(3.) Cr.imbe maritima (Crueifene, 




Q.14).-Alcafyiir 



ijith 



ccied, 



■ inches in longth. The leaf stood up almost vertically, but the tip 
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w:i*il(!f!fv!.'rl, ™ thai 1-lic filament iTjj'vti-1 aliuof.t horizontally, 
mid its movements mi re t rated during 18 h. on a vertical gloss, 
as shown in the accompanying figure (Fig.'JS). We hero plainly 
see that the leaf mis con- 
tinually circum nutating ; 
but tins proper periodicity 
of its moicmentfcwiis dis- 
turbed by its licing only 
dimly illuminated from 
above through a double 
skylight. Wo infer that 
this was the cane, because 
two leaveson plants grow- 
ing out of doom, hail their 
angles above the horizon 
measured in the middle 
of the day nnd at 9 to 
about 10 p.m. on succes- 
sive nights, and tliey 
were found at this latter 

average angle of IF aluve 
their mid-day position; 
on the following morning 
they fell to their former 
position. Now it may be 
observed in the diagram 
that the leaf rose during 
the second night, so that 
it stood at 6 '10 a.m. higher 
than at 10.^0 r-.M. on the Cr.-mhe marUm: cii-cuinantnti™ of leaf. 

,™,. i «,,i !il , li .,, ; n..i. :!■■;': 

may bo attributed to the _ lnat _ til A „ 26t]l> A| „, s a ; i ll: ,f 
leaf adjusting itself to the in, fi.mi the vertical glass, >" that 

dim light, coming usclu- the tracing was roucl) mngnifieJ, but u 

sively from above. te«»tatfc«tei|»u « 

(1.) Bro*si*ca (i(eroc--a (CnloifcrEc).— Hofmoistcr and Hot alin * 
state that the leaves of the cabbage rise at night, and fall by 
day. We covered a yonna plant , Iw-iii-iiijr H leaves, under a lartro 
bell-glass, placing it in the Kaino position with respect to the 

• ■ Flora,' 1873, p. -137 
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light in which it had long remained, and a filament -wok fixed 
at tho distance of -4 of an inch from the a\te\ of a young leaf 
nearly 4 inches in length. lis movements were llien traced 
during three days, hut the triieiuj: is nut worth giving. The 
lofif full during the whole morn i up, ami rose in tho cvoiiiiifr ami 
during the early part of tlio night. The ascending and descend- 
ing lines did not coincide, so that an irregular el! ipse was formed 
each -21 h. The. basal part, of the midrib did nut move, as was 
asuortaiued by measuring :it sutvosive i>i>riniis the angle which 
it formed with tho horizon, so that the movement was confined 
to the terminal portion of the leaf, which moved through an 
angle of 11= in the course of 94 h., and the distance travelled hy 
the ape*, up and down, was lrtween -a and '9 of an inch. 

In order to ascertain the effect of darkness, a filament was 
fixed to u leal" .", in. ■he- it: \ n: !h, I ■]■»■.■ bv a film it whii-ii after 
finmietf a head inel ': mod a tiiau. The leaf was inclined 
■11° aliOYO the horizon, and its movements were traced on a 
vertical glass every hour by the aid of a taper. During tho 
first day the leaf rose from 8 a.m. to 111.40 p.m. in a slightly 
zipssiig course, the actual distance travelled by the apex being 
•67 of an inch. During the night the leaf fell, whereas it ought 

fallen -23 of an hiHi.'ami it e-mtinneil fulling until 940 a.m. It 



distance-, 
dis'urbcil. 
light; and 



the day! 
s=ir Il:l-;l1>! v 
(A) D 



• 'Trans. Hot, Sno. Edinburgh,' aee Darwin, 'Animals and Pljints 
vn). xiii. p. Wits? rr,.p i.'t ic m.ika Ui iiietlicntii.:!,' Hail niit, 
the origin nf the Swulish turnip, vol. i. n. Ml. 
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terminal shoot of a young plant, growing very vigorously, was 
selected for observation. The young leaves at first stand up 
vertically and close to^i.llicr, in;f they sonn ):end ouhiaids and 
downwards, sn as to hi-. v>in. : :mdi l i . i 1 . and ultra at i!ie Biinm 
time a little to one side. A filament was fixed to the tip of a 
young leaf whilst still iiblily iuclrnnd, and the first dot was 
made on the vertical glass at S.30 a.m. June 13th, but it curved 
downwards so quickly that by G.40 a.m. on tho following 
morning it stood only a little, above the horizon. In Fig. 36 




i'ljjiiitM en -i/ojJivffsu ; i-irci;]i!:iiLt".tii,'n I'f Y^air Irnf, tmcnii fr<.m 10.15 
p.m. June 13th to 10.35 v.a llitli. Apsi of Iwf Mood, it the cIoh or 
mil (ifsiTvatii.i'.r, Kj ia.-:i,:s I'mn the vurttral gl^s, so IradQR out 
greatly magnified. The leaf m 5{ inches long. Temp. 151°-17i° C. 



the long, slightly zigzag line rcpo'scnting this rapid downward 
course, which was somewhat inclined to the left, is not given ; 
but the figure allows the highly tortuous and zigzag course, 
tcgetlii'L' with toim: loops, pursued during the next 2j days. 
As th; leaf continued to movo all the time to tho loft, it ia 
evident that the zigzag lino represents many circumnutations. 

(C.) Camellia Japonica (Camelliacea!, Fani. 33). — A youngish 
leaf, which together with its petiole was 2i inches in length and 
which arose from a side branch on a tall bush, had a filament 
attached to its a)*x. TIls kal' -loi e-i duivhn anh at nil angle 
of 40° beneath the horizon. As it was thick and rigid, and its 
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petiole very short, much movement could not be expected. 

Nevertheless, the apex changed ita course 
Fig. 97. completely seven, times in the course of 

HI h-i but moved to only a very Emnll 
\\y V distance. On the next day the moTement 

\\ of the apex was traced during 26 h. 20 m. 

CamslliaJa «u"co-elr s ' lou " iu Fi £>- W), (»nd was nearly of 
. .■! the siiuie ii.-ifmo, but rather less complex, 
traced from SAO The movement seems to he periodical, for 
a.m. Juno uth to on both day* the leaf circumnutnted in the 
Ami dVtaf IS fa™ 1100 ". fel1 in tlle afternoon (on the first 
indies from the ver- day until between 3 nnd i p.m., and on the 
ticalglassjiQ figure second tiny until 6 p.m.), and then rose, 

I6i° C. C ° P ' ' morning. 

In the chapter on the Sloop of Plants 
we shall fee I hat the lea.ves in several Ma I vaceous genera sink 




at night ; and as they often do not then ocenpy a vertical 
position, especially if they h:ivc not been well illuminated during 
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tho day, it ia doubtful whether sorno of those cases ought not 
to have been included in the present chapter. 

(7.) Pelargonium zonule (Gnranuu'.i as, l ain. 47). — A young 
leaf, 1; inch in breadth, wit 1 1 its petiole 1 inch long, l>onie on 
a young plant, was observed in the usual manner during CI h. ; 
and its course is shown in tlie prweding figure ([■':£. SiS). 
During the first Jay and night the leaf moved downwards, lint 
circumnutated between 10 a.m. and 4.30 p.m. On tho second 
day it sank and rose again, but between 10 a.m. and 6 p.m. it 
circumnutated on an extremely small scale. On the third day 
the cirenmnutation was more plainly marked. 

(8.) Ciisus discol-r {Ampelideffi, Fam. 67).— A leaf, not nearly 
full-grown, the third from the apes of 
a shoot on a cut-down plant, was 
observed during 31 h. 30 m. (nee Fig. 
99). Tho day was cold (15°-16° 0.), 
and if the plant had been observed in 
tho hot-house, the cireumnutation, 
though plain onough as it was, would 
probably have been far more con- 
spicuous. 

(9.) Vida faba (Leguminosa), Fam. 
75).— A young leaf, 3-1 inches in 
length, measured from base of petiole to 
end of leaflets, had a filament affiled 
to the midrib of ono of the two ter- 
minal leaflets, and its movements wore 
traced during 51) h. Thofilamontfell 
nil morning (July ilml) till :t imt., and 

then rose greatly till 10.35 p.m. ; but tation of leaf, triced 
the rise this day was so gn at, cum- from 10.35 May 
pared with that which subsequently ^ Slh '* 6 r *"- . 29 i h ' 
occurred, that it was probably duo in ft £jjJ verticil XiT 
part to the plant being illuminated 

from above. The latter part of the course on July 2nd is alone 
given in the fulkuviug iiguro (Tig. li'XJ). On the nest day 
(July 3rd) the leaf again fell in the morning, then circumnu- 
tated in a conspicuous manner, and rose till late at night; but 
the movement was not traced after 7.15 p.m., as by that time the 
filament pointed towards the upper edge of the glass. During 
the latter part of tho night or early morning it again fell in the 
same manner as before. 
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of the two terminal leaflets, wlo'di wern 1 '4 incli in length ; and 
the movement!; of one of them were traeod during 48 h. (see 
Kg. 101). The course pursued is dustily analogous to that of 
the whole leaf. The zigzag lice between 850 a.m. and 3.30 pjl 
on the second da; represents 5 very small ellipses, with their 

Fig. 101. 




July 4 th to 10.30 A.M. 



longer axes differently directed. From these observations it 
follows that both the whole leaf and the terminal leaflets undergo 
it vrcll-iuarted daily periodical movement, rising in tho evening 
and falling during tiio latter part of the night or early morning; 
whilst in the middle of the day Ihcy t ' ( ncvfilly drcumnut.itu 
round the same small space. 
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(10.) Acacia ntinoidcs (LcguminosiB). — The movement of a 
young phyllode, 1!; indies in length, and inclined at a consider- 
able angle above the horizon, was traced 
t,£ IQ2 ' during 45 h. 30 m.; bat in the figure here 

given (Fig.l<>2), its circumniitation issbown 
during f>»ly 21 li. 30 m. During part of 
this time (viz., 14 h. 30 m.) the phyllodo 
described a figure re- 
presenting 5 or 6 r '£- 103 - 
small ellipses. The 
actual auiouut of 



tical direction was '3 
inch. The phyllode 
Acacia rttiwUt, , dv- considerably be- 
en ronu tat ion of ■ tween 1.30 P.M. and 
young phyllode, 4 p „ but there was 

"T J.£ mh lo no e ™ lonce ° n eitber 
(US a.m. 19th. day of a regular pe- 
A|>ci of philloJe 9 r iodic movement. 

W L "V inUI V 
16i°-17j° (3. (Leguminosa;). 

—Plants were raised 
from seed purchased under this name. 
This is one of tho species in this large 
genus, the leaves of which do not sleep 
at night. The petioles rise direct from 
the ground, and are from 5 to 7 inches 
in length. A filament was fixed to tho 
midrib of one of the longer leaflels, and 
the movement of the wholo leaf was traced, 
as shown in Fig. 103. In tho course of 
6 h. 30 m. the filament went four times up 
and three times down. A new tracing 
was then begun (not hero given), and 
during 121 h. tho leaf moved eight times '™ S J^™[ : i^f 
up and seven times down; SO that it traced on vertical 
described 71 ellipses in this lime, and glass, from 10. 15a.u. 
this is an extraordinary rule of movement. '° ? A5 '- e > 

The summitof tho peli-.ilo was then secured " " S ' 
to a stick, and tho separate leaflets were found to be continnalij 
oirernnnutating. 
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(12.) Echcivria ttohmifera (Crassulaceie, Fam. 84).— The older 
leaves of this plant are so thick and fleshy, and the young ones 
so short and broad, that it seemed 
very improl.ab!.. thai any cirrtim- v '&- 
nutation could bo uek-cfcd A fila- J?\-J 
nicr.t was fiuil to a yourvf.' upwardly 
Indited leaf, 75 inch io length and 
■2a in breadth, which stoad oa tho 
outs;doof a terminal r»« Wv of Slaves, 
I'roduced by a plant f;rowinj; very 
uporoubly. lu movement was traced 
dnring 3 days, as hero shown (Fig. . 
101). Tho course was chiefly in an 
upward direction, and this may be 
attributed to tho elongation of the 
leaf throngh growth ; but we boo that 
the lines are strongly zigzag, and that 
occasionally there was distinct cir- 
utmsmtatioii, though un a very small '«"'™ * ,h™jtrtt ; ^v<:ut:i- 

MaI °- frani 8 B 30 A.*.* June 25tb 

(13.) BryaphyUim (Tel Catimthte) , D g.45 a jl 28th. Ap» 

talyeinum (Crassulaecas). — JJuval- of leaf l?i indies fn.m the 
Jeuvc (< Hull. Soc. Hot. dc 1 

Feb. 14th, 1868) measured the dis- 
la!;(''j I't; !"■!.'(■ ii the tips of the upper 

pair of leaves on this plan:, with (lie result shoini in tho foll-jwins 
Table. It should bo noted that the measurements on Doc. 2nd 
were made on a different pair of leaves :— 

8 a.h. 2 r.H. 7 p.m. 



Dec 2 ... 22 „ ... 43 „ . . . 28 „ 

We see from this Table that the leaves stood considerably 
further apart at 2 p.m. than at either 8 a.m. or 7 pji. ; and this 
shows that they rise a little in tho evening and fall or open 
in the forenoon. 

(14.) Or»tra TtlundtfuUa (Droseraceie, Fom. 85).— Tho move- 
ments of a young leaf, bavin;: a Ion:; pi/fiolo but with its tentacles 
(ot gland-bearing hairs) as yet unfolded, w,:re traced" during 
47 h. 15 m. The figure (Fig. 105) shows that it eircumnutated 
largely, chiefly in a vertical direction, niacin.: two ellipses cadi 
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descend after 12 or 


o S eo all 


night, though to a 


very one 


qual distance on tho 

vinns Wb thprpfhvn 


thought that the movement 




other leaves during 
ueccssivn dreys and 


dk:iv!v : 
&hd m 


d tho ease is given 
a caution. On the 
riling the above leai 


Killlio po 


iiion as on tho first 




and the tentacles 




time had unfolded 




y to project at right 


angles to 


the blade or disc. 


Tho 1 


caves as thoy grow 


older g. 


ncrally sink more 


and mo 


o downwards. Tho 




t of an oldish loaf. 




da of which were 


BtlU £G 


feting freely, was 




■ 21 h., during which 


timo it 


continued to sink a 


little ill 


i slightly zigzag line. 



of < 



,.h to 8.33 A.H. Juno P r ' ™ 
_ a here rcJuwl lu Due- l>i;L!-cd 
Knif uriginil ie,il>. Mackt 



A.*. Juno 71 



orning, at 
monta (9 



i the disc, nnd this 
1 the glands and in- 
duced inflection of many of the tentacles. The weight of the 
drop I'au.Hal tho leaf at first to ."ink a little ; hut immediately 
afterwords it began to rise in a somewhat zigzag eourso, and 
continued to do so till 3 p.m. It then ci re um nutated about 
the same spot on a very small scale for 21 h. ; and during the 
next 21 h. it sank in a zigzag hue to nearly the same level 
which it had held when (he ammonia was firsi administered. 
By this time the tentacles had re-cspnnded, and the glands had 
recovered their proper colour. We thus loam that an old lea' 
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circumnutates on a email scale, at least whilst absorbing car- 
bonate of ammonia; for it is probable that this absorption may 



stimulate growth and thus 


re-excite circui 


onutation. Whether 


the rising of the glass filar 


tient which was 


attached to the back 


of the leaf, resulted from it 




dag slightly inflected 


(sis geiifi-itily oaurs), or fit 
Mcertained. 


im the rising ol 


the petiole, was not 


In order to learn whethe 


r the tentacles < 


ir gland-bearing hairs 


circumnutato, the back o 


f a young leaf 


with tho innermost 


tentacles as yet incurved 




jmcnted with shellac 


to a Sat etick driven int. 




,p argillaceous sand. 


The plant was placed un< 




ie with the stage re- 


moved and with an cy< 






division equalled ^ of ai 


i inch. It shoi 




the leaves grow older the 


tentacles of th 




outwards and downwards. 


so as ultimate 1 


y to become deflected' 


considerably beneath the 




iilaclo in the second 


row from the margin mi 


s selected for olservatiuu, and was 


found to be moving outwards at a rate 


of ( J 0 of an inch in 


20 m., or T J„ of inch in 1 


h. 40 m. i but 


as it likewiso moved 


from side to side to an e; 


;tent of abovo ■ 


,-Jo of inch, tho movc- 


ment was prolmbly one of : 


modified circum 


nutittion. A tentacle 


on an old leaf was next 


observed in th 


3 same manner. In 


15 m. after being placed under the micr 


ascope it had moved 


about Tffen of an inch. Di 


tring tho next 


71 h. it was looked at 


repoalodly, and during (hi 


s whole time it 


moved only another 


■nA™ of an inch ; and this 




it may have been duo 


to the settling of the damp sand (tin whi-.-h (he plant rested), 


thuurril llie s:i:id had h.eit 


lirinly pns.-icd d'.'ivii. Wi: n;ay there- 


fore conclude that the tentacles when old 


do not circumnutato ; 


yet this tentacle was eo f 


cositivo, that i: 


i 23 seconds after its 



gland had been merely touched with a bit of r.v.v meat, began 
to curl inwards. This fact is of some importance, as it appa- 
rently shown lint tin' iiLl|.;idii]!i of the teni^u'.. from 'die slimulus 
of absorbed animal matter (and no doubt from that of contact 
with any objeel) is not duo to modified circuninutation. 

(15.) IHaittiii ■■■n-.---ihi.iii ( l!i'os'ora''i';o). -It i-I'.iulH iii! iiix:ni.-i:d 
that the loaves at- mi e'irly siai;e of tficir devHopmiinl have the 
two lobes pressed closely together. These are at first directed 
back towards the centre of the i>la'it ; hut ihi-y gradually :i*e tip 
and soon stand at right angles to tho petiole, and ultimately it: 
nearly a straight line with it A young leaf, which wilh llw 
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petiole was only inch in length, had a filament fixed, exter- 
nally along the midrib of the still closed lobes, which projected 
itL right angles, tu the petiole. Id the evening this leaf com- 
pleted im ellipse in tho course of 2 h. On 
the following day (Sept. 20th) its move- 
ments vero i raced during 22 I).; and we 
see in Fig. 106 that it moved in the Rime 
general direction, due lo the st|-;t.igh:ening 
of the leaf, but in fin extrcmoly zigzag line. 
This line represents several drawn-out or 
modified ellipses. There cm therefore \«s 
no doubt that this young leaf circumnu- 
tated. 

A rather old, horizontally extended 
leaf, with a filament attached along the 
under side of the midrib, was next 
observed during 7 h. It hardly moved, 
but when one of ils sensitive hairs 
was touched, the hlades closed, though 
not very quickly. A now dot was now 
niado on the glass, hut in the course of 
14 h. SW m. there was hardly any change 
in the position of the filament. We way 
therefore infer that an old and only 
moiu ruiily soiisjlive leaf does T:ot i-ironrn- 
nutate plainly ; but we shall soon see 
that it by no means follows that such 
ii leaf in absolutely motionless. \\' e may 
further infer that the stimulus from a 

leaf ia( Another full-grown leaf had a filament 
iuctiH-! !Y.„„ th,- attached c\liTH;illy u;<ing one side of i lie 

"> 'racing consider- midrib and parallel to it, so that the filn- 
" 1 m ' 1 K nlf " ; ' 1 - ment wou ]i m0Te if the lobes closed. It 

pUokIiI I'i: first St. itn I 1 1 nit, ali hough ;i 1 1 m. ■ j i on urn- of tin- n-nsi- 
tive hairs of a vigorous leaf causes it to closo quickly, often 
almost instantly, yet when a bit of damp meat or some solution 
of eiii'lioiiuto of ammonia is placed on tho lobes, they close bo 
sl'.wly Hint genemlk i I Ii. is required f -,v tin- n.inj.k'tinii of the 
act. The above leaf was first observed for 2 h. 80 m., and did 
not circummitate, but it onght to havo been obsorved for u 
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longer period ; although, as we have seen, a young leaf com- 
pleted a fairly large ellipse in 2 h. A drop of an infusion of 
raw mi at. wjis then piaca i on the lt".ii", and ivitliin - I;, the. -"laps 
tihuiii'iit rose a lit lit- ; and this implies that Mm lobes hail bt-c-uri 
to close, and perhaps the petiole to rise. It continued to rise 
iviih extreme slowness for tlio nest 8 li. 30 m. The position of 
the pot was then (7.15 p.m., Sept. 24th) slightly dinned ami 
an additional drop of the infusion given, and a new tracing 
was begun (Fig. 107). Ily 10.50 p.m. the filament had risen 
only n tittle more, and it fell during tlio night. On the follow- 
ing morning the lolics were closing more quickly, and by 5 p.m. 
it was ovident to the eye that they had dosed considerably ; by 
8.48 p.m. thia was still plainer, and by 10.45 p.m. tlio marginal 
spikes were interlocked. The leaf fell a little during the night, 
and next morning (Kth) at 7 am. tho lobes were completely 
ahut The course pursued, as may be Been in the figure, was 



Diuna.i >n u.«:i/iitfo ; closure of the lulu j nmt circiminutnlion of n full-grown 
Icnf, whilst iibmrliLiiL.- .ill ]i:[u;i< IS i f I'ov im-iit, tr.\o-\ in itiirkre'ss, frurli 
7.15 p.m. S*j>t. 24th to 9 a.m. 20th. A|«i oflsiif 8} inches from the 
Vertical glass. Figure hen re.iu=:ii:l to twu-lim-'ls of uripnl >r:b, 

strongly zigzag, and this ii:dk-ati>s thut the closing of the lobes 
was combined with the circum nutation of the whole loaf; 
and there cannot bo much doubt, considering how motionless, 
the leaf was during 2 h. 30 m. before it received the infusion, 
that the absorption of the animal matter had excited it to 
circum nutate. The leaf was occasionally observed for the next 
four days, hut was kept in rather too cool a place; nevertheless, 
it continued to circumnutate to a small extent, and the lobes 
remained closed. 

It ia sometimes staled in hotanieal works that the lolus dessj 
or sleep at night; but this is an error. To test the statement, 
very long glass CI amenta were fixed insido tho two lobes of 
three leaves, and the distances between their tip-wire measured 
in tho middle of the day and at night ; but no difference could 
bo detected. 

The previous observations relate to the movements of the 
whole leaf, but the lobes move independently of the petiole, and 



Fig. 107. 




F4fp.ni. 
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seem to bo continually opening and shutting to a very small 
extent. A nearly full-grown leaf (afterwards proved to be 
highly sensitive to contact) stood almost horizontally, so thai 
!>y driving n Iokjj lliin i'-ii IhnjivJi ilm I". >1 iain n;s petiole cliiw 
to the blade, it was rendered mui.iotiless, Tlie plant, with 
a little triangle of paper attached to one of the marginal spikes, 
was placnl under a micro=rope with an eyc-piccu micro-nii'tei', 
each division of which equalled jjg of on inch. Tho apex ol 
the paper-trian;rli! wa^ now ci-Ki to bo in constant nii'S'it move- 
ment ; for in 4 h. it crossed nine divisions, or jjhr of an inch, 



that it did not close when its sensitive hairs were repeatedly 
touched, though judging from other cases it would have slowly 
closed if it had been stimulated by animal matter. The apex of 
the triangle was in almost, though not quite, constant movement, 
sometimes in ono direction and sometimes in an opposite one; 
and it thrico crossed five divisions of tho micromotor (i.o. T J S of 
an inch) in 30 tn. This movement on so small a scale is hardly 
comparable with mil nary ci rem :m nation ; but, it may perhaps 



In tho first chapter of this volumo, the remarkable oscillatory 
movements of the circumnutating hypocotyl of the cabbage 
have been described. Tho leaves of Ilionroa present tho soma 
phenomenon, which is n wonderful one, as viewed under a low 
power obje^l-L'lass), with i:n eve-piero mieromoter oi 

which each division of an inch) appeared as a rather wide 
space. The young unexpended leaf, of which the circumnutating 
movements were traced (Pig. 10b'), had a glass filament fixed 
perpendicularly to it; and tho movement of the apex was 
observed in tho hot-houso (temp. 84° to B6° F.), with light 
admitted only from above, and with any lateral currents of air 
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excluded. The apes sometimes crossed one or two divisions of 
the micrometer at on imperceptibly slow rate, but generally it 
moved onwards by rapid starts or jerks of y-J^ or nfen, and in 
one instanco of of an inch. After each jerk forwards, the 
apex rlrciv itself hack wards with comparative slowness for part 
of the distance widen had just, boen trained; and then after a 
very short time made another jerk forwards. Four conspi- 
rii'.ius jerk.-: fuiv.aiils, with slower lvlivuts, wei'e fiC.cn on one 
occasion to ucci;r in cxacllyuiie minute, bo*idi:s somu minor 
oscillations. As far as wa could judge, the advancing and 
retreating lines did not coincide, and if so, extremely minute 
ellipses were each time described. Sometimes the apex remained 
quite motionless for a short period. Its general course during 
the several hours of observation was in two opposite directions, 
so that the leaf was probably ci ten "mutating. 

An older leaf with the lobes fully expanded, and which was 
afterwards proved to lie highly sensitive to contact, was nest 
observed in a similar maimer, except. Ika', I lie plant was exposed 
to a lower tmuperaturo in a room. The apex oscillated forwards 
and backwards in the same manner as before; but the jerks for- 
ward were less in extent, -viz. about nfej inch; and there were 
longer motionless periods. As it appeared possible that the 
movements might be due to currents of air, a wax taper was 
lu.'ld close to the leaf during one of (lie Nmti.eilcis; period*, but 
no oscillations were thus caused. After 10 in., however, vigorous 
oscillations Comnieinxd, perhaps owmc: to the plant having been 
warmedand thus stimulated, Tliecaudlc was then removed and 
before iong the oscillations ceased ; nevertheless, when looked at 
again after an interval of Ih. 30 m., it was again oscillating. 
The plant was taken back into the hot-house, and on the 
following morning was seen to bo oscillating, though not very 
vigorously. Another old but healthy leaf, which was not in the 
least sensitive to a touch, was likewise observed during two 
days in the hot-house, and the attached filament made many 
little jerks forwards of about , or only -, J,,-., of an inch. 

Finally, to ascertain whether the lobe-; iiidcpcuden'iy of tho 
petiole oscillated, the petiolo of an old leaf was cemented close 
to the blade with shellac to the top of a little stick driven into 
the soil. But before this was done the leaf was observed, and 
found to be vigorously osciUidmc; or jerkies.; ; ;md after it. had 
boon comcnted to the stick, tho oscillations of about of 
an inch still continued. On the following day a little infusion 



244 



CIBCUMNUTATIOS OF LEAVES. CnAP. IT 



of raw meat was placed on the leaf, which caused the lobes tc 
etoo fiddlier very slowly in the course of two days; and the 
oscillations continued during this whole time ami for the next 
:wo days. After nino additional days the leaf began to open 
and the margins wore a little everted, and now the apex of the 
glass filament remained for long periods moiionlesH, and then 
moved backwards and forwards for a distance of about -nfoj of 
an inch slowly, without any jerks. Nevertheless, after warming 
the leaf with a taper held close io it, tho jerking movoment 
recommenced. 

This same leaf had been observed 2i months previously, and 
was then found to lie oscillating or jerking. We may thereforo 
infer that this kind of movement goes mi night and day for a 
very long period ; and it is common to young unexpandod leaves 
and to leaves so old as to have lost their sensitiveness to a 
touch, but which wen; still capable of absorbing nitrogonous 
mutter. The phenomenon when well displayed, as in the young 
leaf just described, is a very interesting one. It often brought 
before our minds the idea of effort, or of a small animal 
tintj.'ulinj; to twape from sooie constraint, 

(16.) Encahjp'iis mint/era (Myrkieeai, Fam. 91}.— A young leaf, 
two indies in length together with 
the petiole, produced by a lateral 
shoot from a cutdown tree, was 
observed io the usual manner. 
Tho blade had not as yet as- 
sumed its vertical position. On 
June 7th only a few observations 
wure nude, ami the tracing merely 

showed that tho leaf had moved 
three times upwards and three 
downwards. On the following 
day it was observed more fre- 
' quently; and two tracings were 
S made (see A and B, Fig. 108), as 
a singlo one would have been too 
' i-i,ni plicate; I. 'Ike ch urged 
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leaf 5J inches in length, produced 1>j* a yomif; plant 2 feet high, 
gromuf- vigorously in n lurjii! pot, was directed lit an angle ol 
about 45° beneath tlio horizon. On Juno 18tli the leaf descended 
from 10 a.m. till 11.35 a.m. (seo Fig. 109) ; it then ascended 
greatly till 6 pj*., this ascent lining probably due to the light 

Fig. 109. 




Euilu: circnm nutation of leaf, (mod from 10 *.Jf. June 18th In 8.1(1 A.». 
20th, but with a break of 1 h. 40 m. on the morning of the 19th, u, 
owing to the glass filament pointing too innuh to one side, the pot had 
t.el-c .li^htl. nsov.j-1 ; : ]:kiv l"'iv tin: ivl.it i'.v ..I" [ho two tracings 

is si.inewksi'ai'ljitrs.-ir. Th; li-tiv hi-™ y.Wia is ivjuccJ toone-fifth of 

of its inclination, and 4jf in a horiiontal line. E 

coming only from above. It zigzagged between C p.m. and 
10.35 P.M., and aBcended a lit Ik' auriny i!i<> tiidtt. It should bo 
remarked that the trail distances in the lower part of the 
diagram are moon exaggerated, as the leaf was at first deflected 
beneath the horizon, and after it had sunk downwards, tha 
filament pointed in a very oblique line towards the glass. Neil 
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and ascended grcally <i imni; llm iiis_-ht. On the morning of the 
aOtli the leaf was probably beginning to descend, though the 
short line in the diagram is horizontal. Tho actual distances 
travelled by the apes of the leaf ivcre considerable, but could 
not 1«! ralrnihiift'l wilh safe'y. [''rceii :;ic ini;i'? ]nirsnr:i.l on the 
■j'cmid dny, when the phmi had acn>mt!i;;<laied itsel I' to the liylit 
from above, there cannot lie much doiilii that the leaves undergo 



n daily puriodii.' movci 
at night. 
<1&) Mulma clonal 

hni this plant is hero 

siiiti>:i[i'r)r- ' wiii.:h fins 
l:ch;ive:I in this mam 


nent, sinking during the day i 
it (Composite).— Tho leaves tci 
mentioned, on account of an 
se during the nay. The lea- 


md rising 

EfoH 


plant tl i" rcforo was* lot- 

in tin; middle of the i 
a little at night. 

(19.) Ogdamta Pers 
leaf, 1-8 of an inch in 
old root-stock, was ol 


- "iT* t' Je hrd E ' lfl tf i'""" 1 ' 




On all' three dny/it fe 
.sightly xil.-2.ls. The 




rso being 
■ periodic. 
■h <:vei:iJiL; 


It should he noted t.ii; 




a little lower down 11m 
between S and 6 p.m. 


n it did, had not the glass filam 
on the rim of the pot. The: 


ent rested 


leaf to the base of th 
he magnified rather lo 
to tho apex a rise an 




ing would 
ould^^e 






lind. 



* *Tho MovtraiMits and Hiibitu of Climbing Plants,' 3875, p. 118. 
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(20.) AUanumda Scfioltii (Apocynere, Farn. 144).— The young 
leaves of this shrub are elongated, with the blade bowed bo mnoh 

Fig. 110. 




downwards as almost to form a semicircle. The chord — that 
is, a line drawn from tho apes of tlio blade to tho baso of tlit 
petiole— of a j OLiiit; leaf. 43 indies in k;ii : rlli, stood at 2.50 p.m or 
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v;rv V -:;,^ I-:...', (.:.>v,i IV,,:, I 
A.K. Jims Jh<.[ i.u S.iUA.JI. Ju 

6th. K.B.— At B.40 A.H. no ll 



ram. Apejofle; 
( the vertical gin: 
-rally 17}° C. 



so much, which implies the 
raising of Hie apes, tliat the 
chord now stood at 37° above the 
horizon, and hid tlu.TOliira risen 
50°. On the next day similar 
lingular iiLiiaiiiriiments of the 
some leaf were mode; and at 
noon the chord stood 36° bo- 
neath the horizon, and 9.30 p.m. 
31° abovo it, so had risen o9i". 
The! diiof musti of the rising 
movement lies in iiioslmiglitflii- 
ing of tha blado, but the Bhort 
petiole rises between 4° and 5°. 
On the third night tho chord 
stood at 35° abovo the horizon, 
and if tho leaf occupied tho 
anno position at noon, as on 
i-Ue jaevious day, it had risen 
71°. With older leaves no snch 
eluiuge of curvature conld be 
detected. Tho plant was then 
brought into tbo houso and 
kept in a north-east room, but 
at night there was no change 
in the curvature of the young 
leaves ; so that previous expo- 
sing to a stroiii; tight is appa- 
renfiy r.i[i!isite fir [lie puriodi- 
cjiI change of enrvaturo in the 
blade, and for the slight rising 
, of the petiole. 

(21.) ir,>:n:i;,-(Ky,liT)!,i;ii:(.m, 
; Finn. ll'J;. -Professor Pl'eiler 
. inferms us Llnil the leaves of this 

■ ] i!nrit rise in tho evening ; but as 

■ we do not know whether or cot 

■ the rising i- great, this species 
' ought perhaps to be classed 

amongst sleeping plants. 
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Fig. 112. 



(22.) Petunia vlolacta (Solaneo, Fam. 157). — A very yonng 
leaf, o:ily ' ir.eh in length, highly inrlinrrt upwards, was observed 
for four days. 1 luring the m-1k.Il; ol" this timo it lent outwards 

zontal. The strongly marked zigzag line in the figure on p. 248 
(Fig. Ill), slums tl.iit. tli is "ms i::iirted !>y modified circum- 
nutation; and during the Iil-.I.t j>;irt of tin 1 \n:w there "was much 
ordinary circumnutation on a small scale. The movement in 
the diagram is macniriid between 3.0 and 11 times. It exhibits 
a clear truce of periodicity, as the leaf rose a little each evening; 
hut this upward tendency anpmrcd to he almost conquered by 
the leaf striving to become more and 
iii'Tclinri/oiihi] as it ^ruw older. The 
angles which two older leaves formed 
together, were measured in the even- 
ing and about noon on 3 successive 

days, and cmcU iii.idii itio nnglo de- 
rrfiipcd a little, though irie;:nlarty. 

(23.) Aamthui mollis (Acanthocefe, 
Fam. 168). — The younger of two 
leaves, 2i inches in length, petiole 
included, produced by a seedling 
plant, was observed during 47 h. 
Early on each of the three morn- 
ings, the apex of the leaf fell ; and 
it continued to fall till 3 p.m., on 

the two afternoons when observed. 
After 3 p.si. it rose considerably, and 
continued to rise on the second night 
until tliu early morning. But on 
the first night it fell instead of rising, 
and wo tiivc little doubt t list this A 
wan owing ti the leaf being vrry 
young and helming through trjn- 
njitie growth mum and rr.ori' hon- 
Xuiilul; for it may Ik. mti :ti the 
diagram (Fig. 113), that tiir lef mo ,i 
4 higher Uw'. on the first ih:in 



the second day. The h 



s of 




aliied species (A. rpinosus) certainly 

rose every night ; and the rise between noon and 10.15 p.m., 
when measured on oue occasion, was 10°. This rise was chiefly 
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or exclusively due to the straightening of the blade, and not to 
the movement of the petiole. Wc may therefore conclude that 
the leaves of Acanthus drcumnutnto periodically, falling in the 
morning and rising in tho afternoon and night 

(lit) Cannabis satha (Cnnnabmctc, Fam. 105).— Wo have 
Iiero the rare mmi of It ■avps moving downwards in the evening, 
but not fo a siillicipiil; degree to l>u called sleep.* In the early 
morning, or in the latter part of the night, they move upwards. 
For instance, all the young leaves near tile summits of several 
stems stood almost horizon tally at 8 a.m. May 29th, and at 
10.30 r.sl. were considerably declined. On a subsequent day two 
loaves stood at 2 p.m. at 21° and 12° beneath the horizon, and at 
10 p.m. at 88° beneath it. Two other leaves on a younger plant 
were horizontal at 2 p.m., and at 10 r.M. had sunk to 36° beneath 
tlie horizon.. With respect to tin's downward movement of the 
leaves, Kraus believes that it is due to their epinaslic growth. 
He adds, that tho leaves are relaxed during tho day, and iense 
aL night, both in sunny and rainy weather. 

(23.) I'inus pinaster (Coniferic, Fam. 223).— The leaves on tho 
summits of the terminal shoots stand at first in a bundle almost 
upright, but they soon diverge and ultimately become almost 
horizontal. The movements of a young leaf, nearly one inch in 
length, on the summit of u se< dling plant only 3 inches high, 
wero traced from tho early morning of Jone 2nd to tho evening 
of tho 7th. During these five days the leaf diverged, audits apex 
descended at first in an almost straight line; but during the two 
latter days it zigzagged so much tiiat it was evidently circumnn- 
tuting. The same little plant, when grown to a height of 5 inches, 
was again observed during four days, A filament was fixed 
transversely to the apex of a leaf, one inch in length, and which 
had already diverged considerably from its originally upright 
position. It continued to diverge (see A, Tig. 113), and to 
descend from 11.45 a.m. July 31st to 0.40 a.ji. Aug. 1st. On 
August 1st it eircuin nutated aliout the same small space, and 
again descended at night. Next morning the pot was moved 
nearly one inch to the right, and a new tracing was began (£), 
From this time, viz., 7 a.m. August 2nd to 8.20 am. on the 4th, 



• Wo were led to observe this 
pUnt by Dr. Carl Kmuo' paper, 
• H(:itr:t^ vmi licatms- dilr U.-ni.- 
gungen Wachflundor Lauliblfltter,' 



Flcm, 1879, p. GC. We regwt th»t 
we cannot fully understand parti 
of this paper. 
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the leaf manifestly circumnntoted. It docs not appear from the 
diagram that the leaves move periodica lly, for the descending 
course during the first two nights, was clearly duo to epinastio 
^O^ill'a.m. if.' 

Fig. 118. 



A. B. 




J"in>4s pinaster: tin cm nutation of young leaf, tracal from 11.45 A.M. 
Jnly Mist to 8.20 LM, Aug. ith. At 7 A.M. Aug. 2nd the pot win 

Apei of leaf Mi iocbii from the vc-siml [jiii^, su movements raw h 
magnified. 

growth, and nt the close of otir observations the leaf was not 
nearly so horizon tul an it wnulJ ultii:iiiti:iy bcmi.u!. 
Pinui auttriaca.— Two loaves, 3 inches in length, bat not 
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it, on a young tree 
(Julj 31st), in the 
pedes. Both tlicso 
imnutaled, talking 



221) 



at-, (t'v^iileie. I 

oaf. Hi i " 



ones i 



isflota hud only 
recently become uncurled, was observed 
during 47 h. 30 in. The main petiole 
was secured to a stick at the hose of the 
two terminal leaflet), lo one of the 
latter, 31 inches in length, a filament 
was fixed ; the leaflet was ranch bowed 
downward, but as the terminal part was 
upturned, the filament projected almost 
horizontally. The leaflet moved (see 
Fig. Ill) largely and periodically, for it 
fell nntil about 7 p.m. and rose during 
the night, falling again next morning 
after G.40 a.m. The descending linos 
are in a marked maimer zigzag, and eo 
probably would have been the ascending 
lines, if they had been traced throughout 
the night 



Ogcat psciuwi i .- circuni- 
utitiLiuo of »m of the 
tfirim::-.! L ei jl i l -j t <. M.^il 
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Monocotyledons. 



i niches from the ver- (270 Carina WaTtcewiaa (OaonaoetB, 
Leal %\bss. ti'iidm; Flint. -2). — Tlio n;ovenietiis of a young 
"ni X^-^^Tu leaf ' 8 mc,le3 length and Sj in 
ioe-ttiiril of original ''readtli, produced hy a T porous young 
klIo j tcm[i. lS! 0 --Jl°tJ. j'lrml, v.ero oiiserved during '15 h. 

50m., as shown in Fig. 115. Tho pot 
s slided about an inch to the riglit on tho morning of the 
;h, as a single fipure would have been too complicnted ; bnt 



. tin 



The 



periodical, as the ln;;f dt'sri'inkvl from Ilic early morning until 
about 3 p.m., and ascended during the rest of the evening and 
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part of the night On the evening of tTic Ilth it eircnmiratated 
e time about the same spot. 




(iiS.) Ms psat-i'o-avjrut (Irid«B, Fom. 10). — Tlio movements 
of 11 young leaf, rising IS indies nXm-e tlie water in which tiie 
plant grow, were traced as shown in t" 
figure (Fig. 116), during 27 h. 30 
uifestly circummitated, thou 



only to: 
(at which latter 



(MO 



Fig. 116. 

7 



>hv -Mil 
: iMi., 1 u t 



almost vertically to the height of a 



254 



CIBCUMNUTATION OF LEAVES. Chap. IV. 



their tips begin to bend over, and subsequently bang vertically 
down, and thus continue to grow. A rather young leaf wiib 
selected, of which (he ilepi'mlt'iit layering point was as yet only 
5i inches in length, the uprigli'. Imwl! part being W inches high, 
though, this purt would ultimately Income shorter by being 
more bent over. A h:rgc beli-glusK vim placed over the plant, 
with a black dot on one side; and by bringing tho dependent 
apex of the leaf into a line with this dot, the accompanying 
figure (Fig. 117) was traced on the other side of the bell, during 
2£ days. During the first day (22nd) the tip travelled laterally 
far to the left, perhaps Id consequence of the plant having been 



Fig. 117. 
lO'-OB'ji.m. — 




» bell-glim, from 10.! 
greitly magnified. 



disturbed; and the last dot made at 10.30 p.h. on this day is 
alone here given. As we see in tho figure, there can be do 
doubt that the ape* of thia leaf circumnutated. 

A glass filament with little triangles of paper was at the 
same time fixed obliquely across the tip of a still younger leaf, 
which stood vertically up anil mis as yi;t straight. Its move- 
ments wore traced from 3 p.m. May 22nd to 10.15 A.m. 25th. 
The leaf was growing rapidly, to that the apex ascended greatly 
during this period ; as it zigzagged much it was clearly circum- 
nutating, and it apparently teoded to form one ellipse each 
day. The lines traced during lb.: ni^hUvvrc much more vertical 
than tlio.-i! I i-:u:(>.i tin riii j.: tho (lay; anil this indicates that- the 
tracing would have exhibited a noetumal rise and a diurnal 
fall, if the leaf had not grown so quickly. Tho movement of 
this same leaf after an interval of six days (May 31st), by which 
time tho tip had curved outwards into a horizontal position. 
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and had thus made the first ttep towards becoming dependent, 
was traced orthogocically by the aid of a enbe of wood (in the 
maimer before explained) ; mid it was thus iiwerlained thai the 
actual distance travelled by the apex, am! duo tuciivuuiimtation, 
mi- ;-!.! inelics in t ho WLii.-e of 2')j h. Thirii ;f r the next 2! h. it 
travelled 21 inches. The circumnutating movement, tbotefore, 
c.i this youne: ioaf was stfonc I y marked. 

(yi|.) runt-raH'tiii U!.:,:mlr. ( Amarj I lidi-iiO.— 'Die movements, 
much magnified, of a leaf, 9 inches in length and inclined at 
about 45° above the horizon, were traced during two days. On 
the first day it changed its courso completely, upwards and 
downwards and laterally, 9 times in 1L2 h. ; and the figure traced 
apparently reprc^eiitcii livn ellipses. On the second day it was 
observed scldomer, and was therefore not seen to cliange its 
course so often, viz., only G times, but in the same complex 
manner as before. The movements were small in extent, but 
there could bo no doubt aboul the cireunuiiitiilion of tlie leaf. 

(31.) linatopkyUum vd <:ihin (ftp.'.') (Anmnltidere). — A long 
glass filament was fixed to a leaf, and Hie angle formed by it 
with the horizon was measured OLva.suaially dm-ini; sbo 
ceesivc days. It fell each morning until between 3 and 4 p.m., 
nnd rose at night, f ho smallest angle at any timo above the 
horizon was ami the -arrest .">()'; so thai it rose only 2° 
at m'fjlit; bill, a.s this was olisr-rvoil csrh day, and as Miuilar 
observations wen- ni.uhily mail,, on annilua- leaf on a distinct 
plant, there can be no doubt thai the leaven move periodically. 
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small epace, but during tin; t:;[;ht ami tin: wiinh; following day 
it ascended in the sainu general diix-ntioii ; the ascent being 
effected by repeated up and down well-pronounced oscillations, 



(34.) Nephrodiufn ■mvUe (Filkrs, Fain. 1). — A filament waa 
fisted near the apes of a young frond of this Fern, 17 inches 
in height, which was not as yet fully uncurled; and its move- 
ments were traced during 24 h. We see in Fig. 119 that it 



from 9.15 A.M. Mai 
■ rfm-igW se ,il e . 

plainly oircumnutafed. The movement was not greatly magnified 
as the frond was placed near to the vertical glass, and would 
probably have been greater and more rapid bad the day been 
warmer. For the plant ivh^ brauLrht out of a warm greenhouse 
and observed under a sky'i^ht, where the temperature waa 
Imtwcon l")°and It'-' (.'. We have n:ei; in Oha.p. i. that a frond of 
this Fern, as vH only slbhlly IoI'Ol! and with a ruuliis only "23 
inch in height, plainly ekennimtfated* 

• Mr. Looms and Prof. AfS of Desnlreiium gyram, alternately 

Gray have described (' Botanist b.i-kivaida and forwards through 

Gazette,' 1880, pp. 27, 43), an from 20 <a 41) ilegrwn, inn piano at 

f::-A:e:v.,Av unions case .if mo'c- rkht ■■::,:h s hi Hint r.i !.[:■■ fr.,r.:l. 

mont in tlio frmila. but "nly in Tii« a|ws of the frond describes " a 

tbo fruitins fr.mds. «: Asplenia™ ]»ni and verv narrow ellipse," so 

In „.:>. T\lav Isn.K; nirunst thai it i'src-iiminlt :s toii. Hut the 

aa rapidly as tbe littlo leaflets movement differs from ordinary 
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i. i) will be 



Fig. 120. 



In the chapter on the Sleep of Plan's tlie 
nutation of Matsilea quoth ijoliala (Marsile 
described. 

It lias also been shown in Chap. I. that a very young Sela- 
ginella (Lycopodiaceaj, Fam, 6), only -i inch in height, plainlj 
eireumnutated; wo may therefore ooneluda tliat older plants, 
whilst growing, would do the same. 
(35.) Lunvlaria vulgaris (ilopaticas, Fam. 11, Muscales).— 
The earth in an old flower-pot was 
coated with this plant, bearing 
genuine. A highly inclined frond, 
which v-i-' ■jt-f.-tuil '3 iiiu-h aliovu the 
soil and was -i inch in breadth, was 
selected for observation. A glass 
hair of extreme tenuity, '75 inch 
in length, with its end whitened, 
was cemented with shellac to the 
frond at right initios to its breadth ; 
and a white stick with a minute 
blank sjjnt ivus dmi'n into Hie foil 
Hose lk'liin.l tic- cud of ilio hair. 
The white end could lie accurately 
brought into a line with the black 
spot, and dots could thus lie suc- 
cessively made on tho vertical 




ndw 



aA the end 



tho hair, rclative'y t 
nco of the glass-plate in front, 

ml tin' Inovilt put iti thi- end WfiS 

ngnified about 40 times. Never- 
''' tlon* of ™7roiH' iTri c c 1"" i i r7 theless, we are convinced that 0"r 
9A.in.0ct 25th tu 8 A.M.27th. tracing gives a fairly faithful re- 
presentation of the movements of 
the frond. In tins inhrv.ils I n-i c-T-h ol'f ervation. the plant 
was covered by a small licll-glass. The frond, as already stated, 



rircumnutntinn ofl it occurs only 
when the plant is Gipoacd to the 
light; even nrtifld.il light "is 



eiifniiicni to excite motion fur ■ 
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know. As the Kmkn]'_' wuh slight mi Hit' fifth day, a new IriiciiifT 
was began on the siith day (Oct. 25th), and was continued 
for47h.; it ia here given (Fig. 120). Another tracing was made 
on the next day (27th) and the frond was found to be still cir- 
cumnutating, for during 141i.30m.it changed its course com- 
pletely (besides minor changes) 10 times. It was casually 
observed for two more days, and was seen to lie continually 



times to the loft ami ii tiroes to the rijiht, and he refers to a 
movement at rifitii :ihliIi.'s to the above. The tip moved at the 
rate of about Ovlmm. in five minutes. He compares the move- 
ment with the mihtiioii oi the h^her plants. f We shall hereafter 
see that heliolropic movements result from modified circura- 
nutation, and as iiiii™ltiilar Moulds bend fo the light we may 
infer that they also circumnutato. 

CoNCLuniNG Remarks on the Circtjmndtation 
op Leaves. 

The circumnu taring movements of young leaves in 
33 genera, belonging to 25 families, widely distributed 



.lishivj-Ur-nrjl' s. V-. ii iris liir ■. ;[('■ r- 1 <r r i h" c k . . ■ (Mi'i 1 1., Il.H ['ir', iiKu'lr.* |v 
liindiaelie Nnliiriande in Wttrt- annlogous "to the well-known 
temberu,' 1874, p. 211. rotation of growing ahoota and 



t Zubnlnh 
in 'JoamBl K. Mioroscop. Son.,' 
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amongst ordinary and gyninospermous Dicotyledons 
and amongst Monocotyledons, together with several 
Cryptogams, have now been described. It would, 
therefore, nol lie rash to assume that the growing 
leaves of all plants circum nutate, as we nave seen 
reason to conclude is the case with cotyledons. The 
seat of movement generally lies in the petiole, but 
sometimes both in the petiole and blade, or in tho 
blade alone. The extent of the movement differed much 
in different plants ; but the distance passed over was 
never great, except with Pistia, which ought perhaps 
to have been included union sleeping plants. The 
lingular movement of the leaves was only occasionally 
nu-usuivd ; it commonly varied from only "/' (and pro- 
bably even less in some instances) to about 10°; but 
it amounted to -'.)"■ in the common bean. The move- 
ment is chiefly in a vertical plane, but as the ascending 
and descending lines never coincided, there was always 
some lateral movement, and thus irregular ellipses 
were formed. The movement, therefore, deserves to 
be called one of cireumnutation ; for all eircumnuta- 
tiug organs tend to describe ellipses, — that is, growth 
on one side is succeeded by growth on nearly but not 
quite the opposite side. The ellipses, or the zigzag 
lines representing drawn-out ellipses, are generally 
very narrow; yet with the Camellia, their minor axes 
were half as long, and with the Eucalyptus more than 
half as long as their major axes. In the case of Oissus, 
juris of the figure morn nearly represented circles than 
ellipses. The amount of lateral movement is therefore 
h.imi'times considerable. Moreover, the longer axes 
o( tho successively formed ellipses (as with the Bean, 
Cissus, and Sea-kale), and in several instances the 
zigzag lines representing ellipses, were extended in 
very different directions during the same day or on 
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the nest day. The course followed was curvilinear 01 
straight, or slightly or strongly zigzag, and little loops 
or triangles were often formed. A single large irregular 
ellipse may be described on one day, and two smaller 
ones by the same plant on the next day. With Drosera 
two, and with Lupinus, Eucalyptus and Pancratium, 
several were formed each day. 

The oscillatory and jerking movements of the leaves 
of Dionsea, which resemble those of Ihe liypoeofyl of 
the cabbage, are highly remarkable, as seen under the 
microscope. They continue night and day for some 
months, and are displayed by young unexpanded leaves, 
ind by old ones which have lost their sensibility to a 
1'iiich, but which, after absorbing animal matter, elose 
their lubes. We shall hereafter meet with the surue 
kind of movement in the joints of certain Gramineie, 
and it is probably common to many plants while cir- 
cumnutating. It is, therefore, a strange fact that no 
such movement could bo detected in the tentacles of 
Drusem roliiii'lifi.Ii'.t, though u member of the same 
family with Dionaa ; yet the tentacle which was ob- 
served was so sensitive, that it began to curl inwards 
in 23 seconds after being touched by a bit of raw meat. 

One of the most interesting facts with respect to 
the cireumnutatiou of loaves is ihe periodicity of their 
movements; for they often, or even generally, rise a 
little in the eveniug and early part of the night, and 
sink again on the following morning. Exactly the 
same phenomenon was observed in the case of coty- 
ledons. The leaves in 16 genera out of the 33 which 
were observed behaved in this manner, as did probably 
2 others. Nor must it be supposed that in the remain- 
ing 15 genera there was no periodicity in their move- 
rrants; for 6 of them were observed during too short 
a period, for any judgment to be formed on this head. 
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and 3 were so young that tbeir epinastic growth 
which serves to bring them down into a horizontal 
position, ovcq.owerrd every other kind tit" movement. 
In only one genus, Cannabis, did the leaves sink in 
tin: evtrnhiir, itiul Kraiis at inbnf es this movement to 
the prepotency of their epinastic growth. That i lit? 
]>eriodicity is determined by the daily alternations 
of light and darkness there can hardly be a doubt, as 
will hereafter be shown. Insectivorous plants are 
very little affected, as far us their movements are con- 
cerned, by light ; and hence probably it is that, their 
leaves, at least in the eases nf Sarraeenia, 1 (rosera, and 
Dioniea,do not move periodieally. The upward move- 
ment in the evening is at first slow, and with different 
plants begins at very different hours ; — with Glaucium 
as early as 11 a.m., commonly between 3 and 5 p.m., 
but sometimes as late as " r.M. It should be observed 
that none of tlie leaves described in this chapter 
(except, as we believe, thosi: of Lupin uu s2K'aioaun) 
pnssess a pulviniis ; for the periodical movements of 
leaves thus provided have generally been amplified 
into so-called sleep-movements, with which we are not 
here concerned. The fact of leaves and cotyledons 
frequently, or even generally, rising a little in the 
evening and sinking in the morning, is of interest ns 
giving the foundation from whieli tin- specialised sleep- 
movements of many leaves and cotyledons, not pro- 
vided with a pulvinns, have been developed. The 
above periodicity should be kept in mind, by any one 
considering the problem of the horizontal position of 
leaves and cotyledons during the day, whilst illumi- 
nated from above. 
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CHAPTER V. 
UODirtED Ccbccmnutatioh : Climiiinh Puo; Epdjastio abd 

Hvi-ONASTIII SIOVKMtNTS. 
G'ilfUimr.tatiiHi llidilititiii !lirnif;li Inm-.U: rnimi'H rir iiinntgli tiii' Kttimi 

«1 I '.11: ill Cliln]i1i,llllj— il lIHtt! CiillMM CI III illillSj' ]>l=il 'la; fillliluril Y 

of liieir movMiii ills nirli iIkjsk 1.1' Dii];ii,iiy |jhi[il.ii inoriSBcd nni[.li- 
iutle; ocL-aaioiinl points of difC-ience -Eiinmetio ginwtli of young 
leaves— liyjioiinstio growth ei' tin' In |>:,.,i|vl.- and i|ju,«IvIb of oooJ- 
liujja— Hooku.l tips uf cliinUui; ami nihi-r jjhii'.a due to modified 
cinuraiiutatioii — Aii)|pdopaia trwuapidota — Sordlhia 1'fuudii — 
StniigklLiiing cif Ihc doe lo UjpooslltJ — EpiMitlc growth and 
fircuiuiiulnliira uf tin- ll.i«i-f-i>eiluin-lrB uf Trif.iiium reiiena ami 

The radicles, hypocotyls and epicotyls of seedling 
plants, even before they emerge from the ground, and 
afterwards the cotyledons, are all continually circum- 
nutatmg. So it is with the stems, stolons, flower- 
peduncles, autl leaves of older plants. We limy, there- 
fore, infer with a considerable degree of safety that all 
the growing parts of ull plants circuiiiniitulc. Although 
this movement, in its ordinary or unmodified state, 
appears in some cases to be of service to plants, 
either directly or indirectly— fur instance, the ciroum- 
nutation of the radicle in penetrating the ground, or 
that of the arched hypocotyl and epicotyl in breaking 
through the surface— yet circmnnutation is 80 general, 
or rather so universal a phenomenon, that we cannot 
suppose it to have been gained for any special pur- 
pose. We must believe that it follows in some un- 
known way from the manner in which vegetable tissues 
grow. 

18 
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Wo shall now consider the many cases in which 
aircumnutution has been modified for various special 
purposes ; that is, a movement already in progress is 
temporarily increased in some one direction, and tem- 
porarily diminished or quite arrested in other direc- 
tions. These cases may be divided in two sub-classf s; 
in one of which the modification depends on innate or 
constitutional causes, and is independent of external 
conditions, excepting in so far that the proper ones for 
growth must be present. In the second sub-class the 
modification depends to a large extent on external 
agencies, such as the daily alternations of light and 
darkness, or light alone, temperature, or the attraction 
of gravity. The first small sub-class will be considered 
m the present chapter, and the second sub-class in the 
remainder of this volume. 

The Circumnutation of Climbing Plants. 

The simplest case of modified circumnutation is that 
offered by climbing plants, with the exception of 
those which climb by the aid of motionless hooks or 
of rootlets : for the modification consists chiefly in the 
greatly increased amplitude of the movement. This 
would follow either from greatly increased growth over 
a small length, or more probably from moderately in- 
creased growth spread over a considerable length of the 
moving organ, preceded by turgescence, and acting suc- 
cessively on all sides. The circumnutation of climbera 
is more regular than that of ordinary plants ; but in 
almost every other respect there is ft close similarity 
between their movements, namely, in their tendency 
to describe ellipses directed successively to all points 
of the compass — in their courses being often inter- 
rupted oy zigzag lines, triangles, loops, or small 
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ellipses— in the rate of movement, and in different 
species revolving once or several times within the sumo 
length of time. In the same internode, the move- 
ments cease first in the lower part imtl then slowly 
upwards. In both sets of cases the movement may be 
modified in a closely analogous manner by geotropism 
and by heliotropism ; though few climbing plants are 
jeliotropic. Other points of similarity might be 
pointed out. 

That the movements of climbing plants consist of 
ordinary eircumnutation, modified by being increased 
in amplitude, is well exhibited whilst the plants ore 
very young ; for at this early age they move like other 
seedlings, but as they grow older their movements 
gradually increase without undergoing any other 
change. That this power is innate, and is not excited 
by any external agencies, beyond those necessary for 
growth and vigour, is obvious. No one doubts that 
this power has been gained for the sake of enabling 
climbing plants to ascend to a height, and thus to 
reach the light This is effected by two very different 
methods; first, by twining spirally round a support 
but to do so their stems must be long and flexible ; 
and, secondly, in the case of lwU'-uliiubers and tendril- 
bearers, by bringing these organs into coutaet with it 
support, which is then seized by the aid of their 
sensitiveness. It may be here remarked that these 
latter movements have no relation, as far as we can 
judge, with eircumnutation. In other cases the tips 
of tendrils, after having been brought into contact with 
a support, become developed into little discs which 
adhere firmly to it. 

We have said that ilie oircnm nutation of climbing 
plants differs from that ot ordinary plants chiefly by 
its greater amplitude. But most leaves circumnutate 
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in an almost vertical plane, and therefore describe very 
narrow ellipses, whereas the many kinds of tendrils 
which consist of metamorphosed leaves, make much 
broader e!lipse3 or nearly circular figures ; and thus 
they have a far better chance of catching hold of a 
support on any side. The movements of climbing 
plants have also been modified in some few other 
special ways. Thus the circumnn rating stems of Sol- 
nanum dulcamara can twine round a support only 
when this is as thin and flexible as a string or thread. 
The twining stems of several British plants cannot 
twine round a sup]>ort when it is more than a few 
inches in thickness; whilst in tropical forests some 
can embrace thick trunks ;• and this great difference 
in power depends on some unknown difference in 
their manner of oireumnutation. The most remarkable 
special modification of this movement which we have 
observed is in the tendrils of Eeliinoeyntis lob -ta; these 
are usually inclined at about 45" above the horizon, 
but they stiffen and straighten themselves so as to 
stand upright in a part of their circular course, namely, 
when they approach and have to pass ovfar the summit 
of the shoot from which they arise. If thty had not 
possessed and exercised this curious power, rhey would 
infallibly have struck against the summit of the shoot 
ami been arreste 1 in their coufse. is soon as one of 
these tendrils with its three branches begins to stiffen 
itself and rise up vertically, the involving motion 
becomes more rapid ; and as soon as it tuis passed 
over the point of difficulty, its irotion coinciding 
with that from its own weight, cause* it to fall into its 
previously inclined position so quickly, that the apes 
can be seen travelling like the hand of a gigantic clock. 
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A largo number of ordinary leaves and leaflets and 
a few flower-peduncles are provided with pulvini ; but 
this is not the case with a single tendril at present 
known. The cause of this difference probably lies in 
the fact, that the chief service of a [mivinus is U> 
prolong tho movement of the part thus provided after 
growth has ceased ; and as tendrils or other climbing- 
organs are of use only whilst the plant is increasing 
in height or ^iwvinir, a pulvinus m hich served to 
prolong their movements would be useless. 

It was shown in the last chapter that the stolons or 
runners of certain [limits cii'cujmiutato largely, and 
that this movement apparently aids them in linding a 
passage between the crowded steins of adjoining plants. 
If it could be proved that their movements had been 
modified and increased for this special purpose, they 
ought to have been included in the present chapter; 
but as the amplitude of tiieir revolutions is not so 
conspicuously different from that of ordinary plants, 
as in the case of climbers, we have no evidence on 
this head. We encounter the same duiilit in the ease 
of some plants which bury their pods in the ground. 
This burying process is certainly favoured by the 
c.irounmutal ion ef the ll 'uvr-jicdiinele : hut we do not 
know whether it has been increased for this special 
purpose. 

EriNASTY — Hyposasty. 

The term epinasty is used by De Vries * to express 
greater longitudinal growth along the upper than 



* 'Arbciton din Hut. Ins!., hm -.i-im: ris iirdt tisc I I'v S-'hini- 

iis WiLr/f.urj:.' II. II ii. I i-Tl, ji. ■■T.t. i„ r, .,n,l r J.cv U„n (j. .-ll" ml.-i.t, <1 

Do Vrics iias -a-l.ilv llJi.liiif.l ill ;LI!.L- 1'V Siidia, 
(J>. ii'J tllu Fui'LHtiilii 1)1' ill.; lJ.i-.VU 
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along the lower side of a part, which is thus caused to 
bend downwards; and hyjxmasly is used for the reversed 
process, by which the part is made to bend upwards. 
These actions come into play so frequently that the 
use oi the above two terms ia highly convenient. The 
movements thus induced result from a modified form 
of eircumnutatioii ; for, as we shall immediately see, 
an organ under the influence of epinasty does not 
generally move in a straight line downwards, or under 
that of hyponasty upwards, but oscillates up and down 
with some lateral movement : it moves, however, in a 
preponderant manner in one direction. This shows 
that there is some growth on all sides of the part, but 
more on the upper side in the case of epinasty, and 
more on the lower side in that of hyponasty, than on 
the other Bides. At the same time there may be in 
addition, as De Vries insists, increased growth on one 
side duo to geotropism, and on another side due to 
heliotropism ; and thus the effects of epinasty or of 
hyponasty may be either increased or lessened. 

He who likes, may speak of ordinary circum nutation 
bring I'onibhir'il with cpiiiasfy, hyponasly, the effects 
of gravitation, light, &c. ; but it seems to us, from 
reasons hereafter to be given, to be more correct to 
say that circumnutation is modified by these several 
agencies. We will therefore speak of circumnutation, 
which is always in progress, as modified by epinasty, 
hyponasty, geotropism, or other agencies, whether 
internal or external. 

One of the commonest and simplest coses of epinasty is that 
offtrod by leases, which at on early age are crowded together 
round the buds, and diverge as they grow older. Sachs first 
rented that this was ihm to increased growth along the upper 
uiile of the j>etiole and Mads; and De Vries has now shown in 
more detail that the movement is thus caused, aided slights, >.t 
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the weight of the loaf, ami resisted as ho Mieves byapoEeo- 
tropism, at least after the leaf lias somewhat di verged. In our 
observations on the ei renin nutation of leaves, sonic were selected 
which were rather too young, bo that they continued io diverge 
or sink downwards whilst their movements wcro tieing traced. 
This may be seen in the diagrams (Figs. 9H and 112, pp. 232 

,1 .!/,><* and r.r, ,;„:,,.::,. ;■„„,„',.. Soui lar cases were ob- 

served with Droscra. The movomeutB of a young leaf, only i iuoh 
in length, of Petu-i: vialaaa were traced during four days, aud 
offers a better instance (Fig 111, p. 248), as it diverged during 

of this Petunia, which had been laid horizontally, and on another 

they had been tied, the? instantly curled upwards 

Tho leaves, whilst very young, on the leading shoots of the 
Carnation (l>iaulli"s em-tfitp'ii (are highly inclined or verticil 1 ; 
and if the plant is i inw her visinMinslj I hoy diverge so quickly 
that they become almost lniri/ontal iii a day. But tl ley move 
dov. n wards in a rather olilriue line and eonlinm; for some time 
afterwords to move in the same direction, in connection, wo pre- 
sume, with their spiral arrangement or. tho stem. Tho courso 
pursued by a young leaf whilst thus obliquely descending was 
traced, and the line was distinctly yet not stronyly zigzag ; the 
larger angles formed ljy the sueecssive lines amounting only to 
135°, 154°, and 163°. Tho subsequent lateral movement (shown 
in Fig. SI6, p. 2111) was strongly zicrag with occasional oirourn- 
Ttii rations. Tho divergence aud sinking of tho young leaves 
of this plant seem to he very little affecled by geotropism or 
heliotropism ; for a plant, the leaves of which were growing 

rather slowly (a- ascertained hy measurement) was laid hori- 
zontally, and tho opposite young leaves diverged from one 
another symmetrica l!y in the usual manner, without any up- 
turning in the dime! ion of era vital inn or tuwurds the light. 

The needle-lihe loaves of Phum pi'imuhr form a bundle whilst 
yi m r:;^ ; afterwards they .-Inwly di vs rsie, so that thou; on the up- 
right shoots become horizontal. The movements of one such 
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well-marked zigzags (one of them forming an angle of 112°), 
awl this indicates e ire m limitation. 

Tho still closed lobes of a young leal of Diontea projected at 
right angles to the petiole, and were in the net of slowly rising. 
A glass filament was attached to the under side of the midnh, 
and its movements were traced on u vertical glass. It ciicuni- 
uutaled once in the evening, and on the next day rose, as already 
described (see Fig. 106, p. 240), by a numl*r of acutely zigzag 
lines:, closely approaching in character to ellipses. This move- 
ment no doubt was due to epinasty, aided liy apojicolriipism, 
for the closed lobes of a very young leaf on a plant which had 
been placed horizontally, moved into nearly the same line with 
the petiole, as if the plant had sload upri^lil ; but at the same 
time the lobes curved laterally upwards, and thus occupied on 
unnatural position, obliquely to the plane of the foliaccous potiolo. 

As the liYpumlyls UK' I qiicnh is of s..nr e ] ihiii:.-; (mi: r.i. li Iimii 
the seed-coals in au arched form, it is doubtful whether the 
arching of these parts, which is invariably present whep thuy 
break through tho ground, ought alwaja to be attributed to 
epinasty; but when they aro at first straight and afterwards 
become arched, as nl'tcu happens, the arching is cerlninly due to 
epina>=iy. As h.r.jj ;is llie a.;vh is simmi n< I <1 U\ ouiipud :-;u-\U 
it must retain its form; but as soon as it rises abovo the 
surface, or oven before this period if artificially freed from tho 
surrounding pressure, it begins to straighten itself, and this no 
doubt is mainly duo to hyponas'y. The movement of the 
upper and lower half of the arch, and of the crown, was occa- 
sionally traced ; and the course was more or less zigzag, showing 
modified circumnutation. 

With not a few plants, especially climbers, the summit of the 
shoot is hooked, so that the apes points veilieitlly doiviiiriirds. 

In :-ovc:i ;;ciu im of Mviniii.L- plants * the huukm^, or as it litis i 

called by Sachs, tho nutation of tho tip, is mainly duo to nn 
exaggerated form of circumnutation. That is, the growth is so 
great along one side that it bends Uie shoot eoraplolcly over to 
tin; iijijr.isite side, iluts f. m ii,:'iil' ;l ii 'i .k ; Hit; l;iiiLrilinliii:il line or 
zone of growth then travels a littlo laterally round tho shoot, 
and the hook points in a slightly ilifferenl direction, and so 
mnvards until the lio;ik is complelcly icvcr.-ral. Ultimately il 



• "The Movements and Habits of Climbing riauti,' 2ml erut p. 18, 
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Allies back to tho point win: -. it srai'ied. This was ascertained 

by painting narrow linns with Indian ink along the convex 
surface of several hooks, anil the line was found slowly to bc- 
como at first lateral, then to appear along the concave surEice, 

Ltmi&ra btwiypoda the hooked terminal part of tho revolving 
shoot straighten? iiself period irnllv, oui is never reversed ; that 
is, the periodically increased growth of the concave Bide of the 
hook is sufficient only to straighten it, and not to bend it over 
to iho opposite sido. Tho hooking of the tip is of service to 
twilling plants by aiding them to catch hold of a support, mill 
attcr.vnV'ls by t-nabljiiL' this isirr. to embrace the snpport nricli 
more closely than it could otherwise have done at first, thus 
preventing if, as we often observe. I, i'nmi bi ioir blown away by a 
slmn<.' wind. WSietlir'r the advantage thus gained by twining 
plants accounts for their summita being so frequently hooked, 
wi: do not know, as this structure is not very rare with plants 
which do not climb, and with some climbers (for instance, VitiB, 
Amiielopsis, Cissus, Ac.) to whom it does not afford any assist 

With respect to those cases in which the tip remains always 
bent or hooked towards the same side, as in the genera just 
named, the nio-t obvious explanation is that the bending is due 
to continued growth in excess, along the convex aide. Wicsner, 
however, maintains " fliat in nil eases the booking of the tip is 
the result of its phi -I ieily jiml weiuht, — a conclusion which from 
what we liave already seen with several climbing plants is 
cortainly erroneous. Nevertheless, wo fully admit tliat the 
weight of tho part, as well as geotropism. Sea., sometimes como 
into play. 

Aiii/.-fulisis i,i.ai-)ii' !«,'«.— -T Ins plant climbs by the aid of 
adhesive tendrils, and tiie booked tips of the shoots do not 
appear to be of any service to it. The hooking depends ekicily, 
as far as we could nscTtain. on foe !ip k'inj! attested by cpinasly 
and geotropism; tho lower and older parte continually straight- 
ening themselves thvousli hj'ponusty and apnpeotropism. Wo 
lieliovo that the weight of the apes is an unimportant element, 
be.'itn^e on kon/.oiitiil or inclined shiiiits tin; book is often 
extended horizontally or oven faces upward- Moreover shools 
frequently form loops instead of hooks; and in this case the 

• 'Siub. Aa k. Abnd. der Wissensci.,' Vienna, Jan, 1830, p. 1C. 
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extreme part, instead of hang- 
ing vertically down as would 
follow if weight v,-;istln'i;;Vi«.'i.'t]t 

oven points upwards. A slioot, 
which terminated in a ratlter 
open hook, wits Fastened in 
• a higlily inclined downward 
position, £0 that the i-onrave 
side faced upwards, and the 
result was that the apex at first 
curved upwards. This ap- 
parently was due to cpiiiu*ty 
and nut to up. rfijii-in, M 1 
thu apex, noon after pti-Mn;.' 
the perpendicular, curved so 
rapidly downwards that wo 
fimilil not doubt that ti c m<>i-(:- 
mont was at least aided by 
geotropisin. In Hie eourrii! of 
a few hours the hook IIuik 
converted into a loop with the 
apex of tho shoot pointing 
straight downwards. Tho 
longer oxis of tho loop was at 
first horizontal, lint after- 
wardsliecame vertical. During 
this same time the nasal part 
of the nook (and subsequently 
of the loop) curved itself slowly 
upwards; and this must have 
been wholly due to apogoo- 
(ropism in opposmc 
nasty. The loop was 
fastened upside down, mi 
its basal half would be sh 
t.".iipna:-ly acted on liy li 
nasty (if present) and by 

itself so greatly i 




reduced to one-third ufi 
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W.m rfmU:: : (lyjji.nrKti.rirnn'TiiMit 

n [mi" his nine itself, traced from 9 
A.M. July 10th ti> 3 P.H. 13th. Apei 
1.0 i„,i,:... |V„„, tu v,.,u,.,! 
Dias,™ ,*<lii™l to one-filth nf 
original scnle. Plant illuminated 
through sky light ; temp. 17|°-1S°C. 



together. At tho Bame time 
the loop became open and 
was thus reconverted into a 
hook, and this apparently 
uns ulTcofuil liy tlio geotropio 
movement of the apei in 
opposition to epinrtsty. In 
the case of Am/.doptii hede- 
tacta, weight plays, as for as 
wo touid judgo, a more im- 
portant part in tho hooking 
of the tip. 

In order to ascertain 
whothor tho shoots of A. tri- 
aapid-'ta in straightening 
themselves under the com- 
bined action of hyponnsty and 
ajKigoijIropisin moved in a 

whether they cireum nutated, 
glass filaments were fixed to 
tho crowns of four hooked 




on a vertical glass. All four 
tracings resembled each other 
in a general manner ; butwe 
will give only one (bco Fig. 
123, p. 273). Tha filament 
rose at first, which shows 
that thehoolc was straighten- 
ing itself; it Ihcii sdcwpirod, 
moving a littlo to the left 
lietween U.25 a.m. and 0 p.m. 
From this latter hour on the 
13th to 10.50 a.m. on the fol- 
lowing morning (14th) the 
hook continued to straighten 
itself, and then zigzagged a 
short distance to tho right. 
But from 1 p.h. to 10.4Q r.w. 
on the 14th the movement 
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the night, after II 
again opened or : 
filament dad booon 



« i'/imdii.- The stiff 
aior-plant from Africa 
stem below ; but this 



On 11 



by uprjjJTf.-. 



iL h!n Ml (liiwiiivni-ilii, so that tint l-. ■ . ■ J ; l i _ ; r 1 1 ■ hir-.-.l npnM.U, \vu an; 
led tu believe that tlio curvature is partly due to epinnsty. As 
the rectangularly bunt portion of an upright stum grows older, 
tlio lotvcr part sti-ai^h'.ons itadf; niul this is effected through 
hvpouusty. Ho who 1ms read Sfttibs" recent Essa; ou tlio vortical 



276 MODIFIED CiBCTJHNUTATION. Chaj>. V. 



and in-lined positions of the parts of plants* will see how dim- 
cult a subject thin in, and will fuel no surfrisf; at our expressing 
onrsolvos doubtfully in this and other such cases. 

A plant, 20 inches in height, was secured to a stick close 
beneath the curved summit, which formed rather less than a 
roctangle with tho Btem below. The shoot pointed away from the 
observer ; and a frlass lilament pointing towards the vertical glass 
on which the tracing was madt-, was fixed to the convex surfaceof 
the curved portion. Therefore the descending lines in the figure 
represent tbo straightening of the curved portion as it grow 
older. Tho tracing (r ig. 123, p. 274) was begun at 9 a.m. on 
July litt li ; the filament at first moved but little in a zigzag line, 
but a' 'J f.M, it liiifrnn ri.-fing uml emlliinu'd lo do so lill II P.M. ; 
lind this proves that the terminal portion was being more bent 
downwards. After 9 p.m. on the 10th on opposite movement 
commenced, and the curved portion beptn to straighten itself, 
* nd this continued till 11.10 a.m. on the 12th, but was interrupted 
by some small osHLaiuiiiH an:! zi^ags, showing movement in 
different directions. After 11.10 a.m. on the 12th this part of 
the stem, still considerably curved, circumnutated in a con- 
spicuous manner until nearly ij KM. on the 13th ; but during all 
this time a downward movement of tho filament prevailed, 
caused by the continued straightening of tho stem. By the 
afternoon of the 13th, the summit, which had originally been 
deflected more than a right angle from the perpendicular, had 
gniivn hi] nearly ssoighl 11ml (lie tvafinj; could no looeer he 
continued on the vertical glass. There can therefore be no 
doubt that the straightening of the abruptly curved portion of 
the growing stem of this plant, which appears to l*s wholly due 
to hyponnsty, is tho result of modified circumnutation. Wo 
will only add that a filament was fixed in a different manner 
across the curved summit of another plant, and tho same general 
k'nd of movement was observed. 

Trifolium > epms.— In many, but not in all the species of Tri- 
folinni, as the wiurate little ftni t's wiilii'v. the i-oli-pcduucies 
beud downwards, so as lo dei end parallel to the upper parr of 
tho main peduncle. In Tr. siM rranrum tho main peduncle 
omvo ! downwards for the sake of burying ite capsules, and in 
tliis species tho sub-peduncles of the separate flowers bend 



* • Di'biT Orthotrnpa unil Fla. ten dea Bot. Inst, iu WBtaburg,' 
ginti.ij.n- I'lbiszimth. ila;' 'Aihui- Heft ii, 1 1>7!>, p. --ii. 
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upwards, so as to occupy the same position relatively lo the 
upper part ol [lie main peduncle as in Tr. re;ien*. This fact 
alone would render it probable that the movements of the sub- 
pcdunclcs in TV. icpen* wi.ru itnknoodcnt of in.otrapism. Never- 
theless, to make sure, soirx flower-head;! were tied to iirtlc sticks 
upside down and others in a horizontal position; their sub- 
peduncles, however, all quickly carved upwards through the 
action of heliotropism. We thordoro prntroted sorne flower- 
heads, similarly sectm d to sticks, from the tight, and although 
some nf thorn rotted, many of their sub-peduuelts turned very 
c.luwly from, their reversed or from their horizontal positions, 
so as to stand in the ii;irn:til me.imer parallel to the upper part 
of the main peduncle. These facts show lhat the movement ia 
independent of j£.-i!riipi>i;] or ap'ielhdropisiu ; it most there- 
lie attributed to eptnasly, which however is eiiecked, at least as 
long us th(s flowers are youne;, by hello! ropistn. Most of the 
above flowers were never fertilsed owing to the exclusion of 
been; sht-y consequuisl ly withered very slowiy, and tin; :nov,;nieails 
of the sub peduncles were in like manner much retarded. 

To ascertain the nature of the movement of the sub-peduncle, 
whilst landing downwards, a filament was fixed across the 
summit of the calyx of a not fully expanded and almost upright 
flower, nearly in the centre of the head. The main peduncle 
was secured to a stick closo beneath the head In order to see 
the marks on the glass filament, a fow flonors had to bo cut 
a»ay on the lower side of the head. The flower under obser- 
vation at lirst diverged a little from its upright position, so as 
to occupy the opt'ii spare caused by the removal of the adjoining 
flowers. This required two days, after which time a new tracing 
was begun (Fig. 124). In A we see the complex circum nutating 
course pursued from 11.30 a.m. Aug. 20th to 7 a.m. on the 
30th. The pot was then moved a very littlo to the right, and 
tin! tracing (15) wa;. continue:! without interruption from 7 a.m. 
Aug 30th to after 6 P.M. Sept. 8th. It should be observed that 
on most of these days, only a single dot was made each morning 
at the same hour. Whenever the flower was ob-irved carefully, 
as on Aug. 30t!t and Sept. 5th and Glh, it was found to be cir- 
cum nutating over a small space. At last, on Sept. 7th, it 
began to bend downwards, and continued to do so unlil after 
ti P.ll. on the b'th, and indeed until the morning of the 0th, when 
its movements could no longer bo traced on thovtrtical glass. 
It was carefully observed during the whole of the 8th, aud by 
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10.30 P.5I. it had descended to a point lower down by two-thirds 
of the length of the (igurc as here given ; hut from wunt of space 
the traeing has Iicen copie I in B, only to a little after 6 p.m. On 
the morning of the 9th the flower was withered, anil the sub- 
jxsduncie now stood at an angle of 57° beneath the horizon. If 
the flower bad been fertilised it would have withered much 
Booncr, and have moved much more quickly. Wo thus see that, 
the sub-|>edunele oscillated up and down, or circumnutattd. 
during ils ■■;]'•:[:: 'io\i ilw;iii! (.-phiii^l ii' noursc. 

Tho sub-peiluuulis of tin:- fiTtilisod and withered flowers 
of Oxalit carnoia likewise bend downwards through epinasty, 
as will be shown in a future chapter; and thoi^ downward 
course is stroDgly zigzag, indicating eircumnutatinn. 

The number of instances in which various organs 
move through epinasty or hyponnsty, often in com- 
bination with other forces, for the most diversified 
purposes, sarins to b<; incxlinustibly <j.rcnt ; ami from 
tho several cases which have been here given, we may 
safely infer that such movements are due to modified 
circumnntation. 
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CHAPTRll VI. 

Blouineu Cibc^mkutation : Smwf or Syctithdpic Moviaiim, 
their Use: Slkki- of Corn-mioNB. 

Preliminary akot'li of the sleep u nyctitnipii' mm. mciili of liuw.i •- 
FicBon™ i>f imlvini— The lc™ nin-j „{ radiatUm tbo final cauao of 

n y -liln.pi - iiiiivurni'llts— 11 r nf trying i-x|KTimcjnta ■■■II Usivi s nl 

OxalK Arciclli-, Ca-Mn. Mrlilollis, Ij-titN iunl Mar-ilm, "rut mi the 
cotili'dimaof Mimo.a— Concluding rimwlu iid radiation, from hates 
- Himill iliir. icnr^ fn this cum] tin:is ii uike u -Mil iliili'ren.'t: in ihe 
result— I)e»nii[iiiou of tbo nyctitr.,pic nu&timi und movement* ol 
tiie cuty] .Ions nf VHtlnus planta— List of upeeiea— Onaluding 
miiniks— indrj».-n<lt:nirc i.f tin- iiMHiivi t>i( an 1'iiiiciitH nf tbc leaved 
anil oilyletliiiis "t Ibu uuiui! Bj.i.'i-ic*-]iwLKims fin- believing lint Iho 
movements liavc been ucquiti ci fur a njiedol purimse. 

The so-called sleep of leaves is so conspicuous a 
phenomenon thrit it was observed as early as the 
time of Pliny ;* and since Linntcus published his 
kiiutjiii Ess; iv, ! ^oimiiis Pluuhiriiin,' it Lius been the 
Biibject of several memoirs. Many flow el's close at 
night, and these are likewise said to sleep; but we 
are not here concerned with their movements, for 
although effected by tho same mechanism as in the 
case of young leaves, namely, unequal growth on the 
opposite sides (as first proved by Pfeffer), yet they differ 
essentially in being excited chicQy by changes of 
temperature instead of light ; and in being effected, as 
fur as Kti can judge, fur it different purpose*. Hardly 
any one supposes that there is any real analogy 



• ITi.fr. i him L-ive. 1 !cnr <irnl riud -dieti Rewigiiiir^n d« Hist 

i-,t., 1 -ii:,j s k.:t, !i nf tl,. : ),hu«v Kw,' 1S75, !»- IWS. 
3f tliis subj.ct in bia 'Die Pe- 
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between the sleep of animals and that of plants," 
whether of leaves or flowers. It seems, therefore, 
advisable to give a distinct name to the so-called 
sleep-movements of plants. These have also generally 
been confounded, under the term " periodic," with the 
slight daily rise and fall of leaves, as described in the 
fourth chapter; and this makes it all tho more desir- 
able to give some distinct name to sleep-movomonts. 
Nyetitrupism and nvetitidpie, i.e. ni^ht-f limine, may 
be applied both to leaves and flowers, and will he 
occasionally used by us; but it would he best to con- 
fine the term to leaves. Tho leaves of some few plants 

intensely on them, and this movement lias sometimes 
been called diurnal sleep ; but we believe it to be of 
an essentially different nature from the nocturnal 
movement, and it will be briefly considered in a 
future chapter. . 

The sleep or nyctitropism of leaves is a large 
subject, and we think that the most convenient plan 
will be first to give a brief account of tho position 
which leaves assume at night, and of the advantages 
apparently thus gained. Afterwords the more re- 
markable cases will be described in detail, with 
respect to cotyledons in (he present chapter, and to 
leaves in the next chapter. Finally, it will be shown 
that these movements result from circumnutation, 
much modified and regulated by the alternations of 
day and night, or light and darkness; but that they 
are also to a certain extent inherited. 

Leaves, when they go to sleep, move either upwards 
or downwards, or in the ease of the leaflets of com- 



• fih. Royer miml, ImvcvCr. t» Nat.' (51b series), But. vol Ix 
CKftrplud; boo • An i mica dm Sc. 18U1S, p. 378. 
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pound loaves, forwards, that is, towards the apex of tht> 
leaf, or backwards, that is, towards ils base; or, again, 
they may rotate on their own axes without moving 
cither upwards or downwards. But in almost every 
case the plane of the blade is so placed as to stand 
nearly or quite vertically at ni-lil. Tin..' return the apex, 
or tiie base, or either lateral edge, may be directed 
towards the zenith, Moreover, the upper surface of 
each leaf, and more especially o: cadi leaflet, is often 
brought into close contact with that of the opposite 
nut: ; and this is sometimes cimcr.ed by singularly 
complicated movements. This fact suggests that the 
upper surface requires more protection than the lower 
one. For instance, the terminal leaflet in Trifolium, 
after turning up at night so as to stand vertically, 
often continues to bend over until the upper surface is 
directed downwards whilst the lower surface is fully 
exposed to the sky ; and an arched roof is thus 
formed over the two lateral leaflets, which have their 
upper surfaces pressed closely together. Here we have 
the unusual case of one of the leaflets not standing 
vertically, or almost vertically, at night. 

Considering that leaves in assuming their nycti- 
tropie positions often move through an angle of 
90°; that the movement is rapid in the evening; 
that in some cases, as we shall see in the nest 
chapter, it is extraordinarily complicated ; that with 
certain seedlings, old enough to bear true leaves, 
the cotyledons move vertically upwards at night, 
whilst at the same time the leaflets movo ver- 
tically downwards ; and that in the same genus 
I ho leaves or cotyledons of some species move 
upwards, whilst those of other species move down- 
wards ;— from these and other such facts, it is hardly 
possible to doubt that plants must derive some 
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great advantage from such remarkable powers of 
movement. 

The nyctitropic movements of leaves and cotyledons 
are effected in two ways,* firstly, by means of pulvini 
which become, as Pfeffer lias shown, alternately more 
turgescent on opposite sides ; and secondly, by in- 
creased growth along one side of the petiole or 
midrib, and then on the opposite side, as was first 
proved by Batalin.t But as it has been shown by 
Dc Vries t that in these latter cases increased growth 
is preceded by the increased tumescence of the cells, 
the difference between the above two means of move- 
ment is much diminished, and consist* chiefly in the 
turgescence of the colls of a fully developed pnlvinus, 
not being followed by growth. When the move- 
ments of leaves or cotyledons, furnished with a pnl- 
vinus and destitute of one, are compared, they are seen 
to be closely similar, and are apparently effected for 
the same purpose. Therefore, with our object in view, 
it <I ops not nppriir udvisiihlr: ro sfpriiMtf rl l above two 
sots of cases into two distinct classes. There is, how- 
ever, one iiuj.i'.'itiuit distinction between them, namely, 
that movements effected by growth on the alternate 
sides, an) confined to yonnu" utiavmi^; Imvi whilst t In we 
effected by means of a pulvinws last for a long time. 
We have already seen well-marked instances of this 
latter fact with cotyledons, and so it is with loaves, as 
has been observed by Pfeffer and by ourselves. The 
long endurance of the nyctitropic movements when 
effected by the aid of pulvini indicates, in addition tc 
the evidence already advanced, the functional imoort- 



• This aieiinclirin mis first Dnsserc in 1S37. 
l>'ii:,k,l „ut Oi<*,:-iidiiis to l-'fttVcr, f ■ I-'lnra,' is::;, p. m. 
■Die Pi-riraliarheii BewegiingBB : ' IJoi H titling,' ] 879, Deo, 

ior Blattorgniie,' 1K70, p. 101) bj 16th, p. 830. 
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ance of such movements to tin 1 plant. Thi-ro is another 
difference between the two sets of cases, namely, that 
there is never, or very rarely, any torsion of the 
leaves, excepting when a pulvinns is present ; " but 
this statement applies only to periodic and nyctitropie 
movements, as may be inferred from other cases given 
by Trank.t 

The fact that the leaves of many plants place 
themselves at night in widely different positions from 
what they hold during the day, but with the one 
point in common, that their upper surfaces avoid 
facing the zenith, often with the additional fact that 
they come into close contact with opposite leaves or 
leaflets, clearly indicates, as it scorns to us, that the 
object gained is the protection of the upper sur- 
faces from being chilled at night by radiation. There 
is nothing improbable in the upper surface needing 
protection more than the lower, as the two differ in 
function and structure. All gardeners know that 
plants suffer from radiation. It is this and not 
eold winds which the peasants of Southern Europe 
fear for their olives.t Seedlings are often protected 
from radiation by a very thin covering of straw ; and 
fruit-trees on walls by a few fir-branches, or even by a 
fishing-net, suspended over them. There is a variety 
of the gooseberry,§ the flowers of which from being 
produced before the leaves, are not protected by 
thorn from radiation, and consequently often fail to 
yield fruit. An excellont observer j| has remarked 

• Fleffer, 'Die F. riud. Beneg, Dew,' remarks that an eiposcd 

dcr Biiitrci-nnc' IST.">. p. ISO. Ilicnuomder risi-s as moil nsuri-u 

t 'Die Nut Wa^er-relito Rich- a fleecy clutul, liul. ill IHu tJiv, 
tuns: vim I J l!;,nin]i]n it i;,' l.sTil, ovi.i tii- v.\ nidi. 

B, 52. S •l.liUil'ln'.-: !;.,!.], ::](!,':! M.ljr .' 

1 Martins in 'Bull. Sof. Bot. vol. iv. ISiS, p. 112. 
d« Viwc, 1 t..,n xix. 1S72. ' Mr. l.-ivL-i-e i» 'O.ir.lim-.'j 
Wella, In hia famous < Kssii* ,m Clir, !,.,- lstiii, p. 73J. 
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that ono variety of the cherry has the petals of its 
flowers much curied backwards, and after a severe 
trust all the stigmas were killed ; whilst at the same 
time, in another variety with incurved petals, the 
stigmas wore not in the least injured. 

This view that the sleep of leaves saves them from 
being chilled at night by radiation, would no doubt 
have occurred to Linnaeus, had the principle of radia- 
tion been then discovered ; for he suggests in many 
parts of his ' Somniis Pltmtanim ' that the position of 
the leaves at night protects the young stems and 
buds, and often the young inflorescence, against cold 
winds. We are far from doubling that an additional 
advantage may be thus gained ; and we have observed 
with several plants, for instance, Deamodiwn gyrcuts, 
that whilst the blade of the leaf sinks vertically down at 
night, the petiole rises, so that the blade has to move 
through a greater angle in order to assume its vertical 
posit ion than won Id otherwise have been necessary ; but 
with the result that all the leaves on the same plant 
are crowded together as it' for mutual protection. 

We doubted at first whether radiation would affect 
in any important manner objects so thin as are many 
cotyledons and leaves, and more especially affect dif- 
ferently their upper and lower surfaces; for although 
the temperature of their upper surfaces would un- 
doubtedly fall when freely exposed to a clear sky, yet 
we thought that they would so quickly acqniro by 
conduction the temperature of the surrounding air, 
that it could hardly make any sensible difference 
to them, whether they stood horizontally and radiated 
into I he open sky, or vertically and radiated chiefly 
in a lateral direction towards neighbouring plants and 
other objects. We endeavoured, therefore, to ascer- 
tain something on this head by preventing the leaves 
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of several plants from going to sleep, ami by espn.sfng 
1o a clear sky when the temperature was beneath 
the freeaing-poiiit, these, aa well as the other leaves 
on the same plants which had already assumed their 
nocturnal vertical position. Our experiments show 
that leaves thus compelled to remain horizontal at 
night, suffered much more injury from frost than 
those which were allowed to assume their normal 
vertical position. It may, however, be said that 
conclusions drawn from such observations are not 
applicable to sleeping plants, the inhabitants of 
Countries where frosts do not occur. But in every 
country, and at all seasons, leaves must be exposed to 
nocturnal chills through radiation, which might be in 
some degree injurious to them, and which they would 
escape by assuming a vertical position. 

In our experiments, leaves were prevented from 
assuming their nyctitropic posit ion, generally by 
being fastened with the finest entomological pins 
{which did not sensibly injure them) to thin sheets 
of cork supported on sticks. But in some instances 
they were fastened down by narrow strips of card, 
and in others by their petioles being pitssed through 
slits in the cork. The leaves were at first fastened 
close to the cork, for as this is a bad conductor, and as 
the leaves were not exposed for long periods, we thought 
that the cork, whieh had been kept in the house, would 
very slightly warm them ; so that if they were injured 
by the frost in a greater degree than the free vertical 
leaves, the evidence would bo so much the stronger 
that the horizontal position was injurious. But we 
found that when there was any slight difference in the 
result, which could he detected only occasionally, the 
leaves which had been fastened closely down suffered 
rather more than those fastened with very long and 
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thin pins, so as to stand from £ to $ inch above the 
cork. This difference in the result, which is in itself 
curious as showing- what a very slight difference in 
the conditions influences the amount of injury in- 
flicted, may be attributed, as we believe, to the sur- 
rounding warmer air not circulating freely beneath the 
closely pinned leaves and thus slightly warming them. 
This conclusion is supported by somo analogous facts 
hereafter to be given. 

We will now describe in detail the experiments 
which were trii'd. Thrw? were frniihlr.-oiiK: iVom mir 
not being able to predict how much cold the leaves of 
the several species could endure. Many plants had 
every leaf killed, both those which were secured in 
a horizontal position and those which were allowed to 
sleep — that is, to rise up or sink down vertically. 
Others again had not a single leaf in the least in- 
jured, and ih.-mi h;nl to In- vt;->.'\ ixi.ii.'d i;ithor for a 
longer time or to a lower temperature. 

CunHf >•::■:.!■ ■sf'K A Vfi-y lurnc thickly ciw.vA wilh 

between iiOU iin.i ■■')" li-'ivi x, h.i:L U.-<'U kept all winter in iliii 
greenhouse. Seven leaves weru pinned horizontally open, 
and were exposed on March lGtli for 2 h. to a dear sky, the 
temperature on the surrounding grass being — 4° C. (24° to 
25" F.). Next morning all eoven leaves wcro found quito 
killed, bo were many of tlio free ones which hud previously 
gone to sleep, and alioiit 100 of thorn, cither dead or browned 
and injured, were picked off. Some leaves showed that they 
had beeu slightly injured by not expanding during the whole 
of the next day, though they afterwards recovered. As all the 
ltiivirs wlili;' i with pinned ripen -a.im kilk.il. mill uiily ubont a 
third or fourth of the others were either killed or injured, we 
had somo littlo evidence that those which wore prevented from 
assuming their vertically depi odent position Buffered most. 

Tim following nie;lil ITlh. wn- I'lciir niid almost H[!!;i,lly cold 
(- 3° to - 4° C. on the grass), and the pot was again exposed 
but this time for only 30 m. Eight leaves had Icen pinned out, 
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and in the morning two of them were dead, whilst not a single 
other leaf on tho manv plants was even injured. 

On the 23rd the pot was exposed for lh. 30 nl., the tempera- 
ture on the grass being only - 2° C, and not one leaf was 
injured: the pinned open leaves, however, all stood from 
i to 3 of an inch above the cork. 

On the 21th the pit was again placed on the ground and 
©sposod to a clear sky for between 35 m. and 40 m. By a mis- 
take the thermometer was left on an adjoining snn-dial 3 feet 
high, instead of being placed on the grass; it recorded 25° to 
2G" F. (- 8 3° to - 3-8° C), hut when looked at after 1 h. had 
fallen to 22' F. (- 5-5° C.) ; so that the pot was perhaps exposed 
to rather a lower temperature than on tho two first occasions. 
Eight leaves had been pinned out, some close to the cork and 
some atmve it, and rn> tin 1 fdlnwinrr morning live of them (i.e. 
fi3 ]>er cent.) were fount! killed. 5ty eomifing a portion of the 
leaves' we estimated that aliout -2">Q lia<l ln-en allowed to go to 
sleep, and of these about 20 wore killed (i.e. only 3 per cent.), 
and about 30 injured. 

Considering these cases, there can bo no doubt that the 
leaves of this Oxalis, when allowed to assumo their normal 
vertically dependent prisition at nidil, suffer much less from 
frost than thoto in number) which had their upper surfaces 
exposed to the zenith. 

Qxulis camosrt. — A plant of this Chilian species was exposed 
for 30m. to a clear fky, the thermometer on the grass standing 
at — 3° C , with some of its leaves pinned open, and not one leaf 
on the whole bushy plant was in the least injured. On the 
ICth of March another plant was similarly exposed for 30 m., 
when the temperature on the grass was only a little lower, Tin, 
- 3° to - 4? C Six of the leaves had been pinned open, and 
next morning five of them wcro found much browned. Tho 
plant was a largo one, and none of tho free loaves, which 
were asleep and depended vertically, were browned, excepting 
four very young ones, lint three other haves, though not 
browned, were in a vntlier flaccid condition, and retained their 
nocturnal position during the whole of the following day. In 
this ease it was obvious tiia: tin; knives which were exposed hori- 
zontally to the zenith suffered most. This same pot was after- 
wards exposed for 35-10 m. on a slightly colder night, and 
every leaf, both the pinned open and tho free ones, was killed 
It may be added that two po's of 0, conticuhita (var. Atro 
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purpurea) were exposed for 2 h, and 3 h. to a clear sky with the 
temp, on grass ~ if" C, and none of the leaves, whether free or 
pinned open, were at all injured. 

_-] rid, is htqvjim.- -Momo plants in a pot were exposed at night 
for 30 m. to a clear sky, the temperature on the surrounding 
pra^s l'i-iri£ — 2" G, \\w\ on I wo ej is.il 1 1 k nflerwnnls they were ugaiu 

exposed to tha same temperature, but this time during In. 30 m. 
On neither occasion was a single leaf, whether pinned open or 

tropical African home. Two plants were next exposed (March 

bud-liko ones) and only two of thcso'Voro killed and three somo^ 
what injured ; is. '2li per coot, wei-ii oi:hcv hiile.d or injuri d, 
whereas all four pinned open leaves were utterly killed. 

On another night two pots with several plants were exposed 
for between 35 m. and 40 m. to a clear sky, and perhaps to a 
rather lower tempi 1 rahire., for a thermometer on a dial, 3 feet 
high, close by stood at — 8"3° to - 3'8° C In one pot three 
leaves wcro pinned open, end all were badly injured; of the 
44 free leaves, 28 wore injured, that in, 5!) per cent. In the 
oilier pot )i leaves wi re, pinned iii cm iin-l nil ivui! ki',iir<l; fu:ir 
other leaves were pivwnled iron: -1i.'..|)Iji^ by narrow strips of 
stiff paper j.-nniineJ aero-:* thnn, and nil were killed: of ill free 
ieaveB, 10 were killed, 2 much injured, and 12 unhurt; that is, 
50 per cent, of the free leaves were either Mlled or much in- 
jured. Taking the two pots together, wo may say that rather 
more than half of the free leaves, which were asleep, were either 
killed or injured, whilst all the ten horizon tally extended leaves, 
which had been prevented from going to sleep, were either killed 
or mnch injured. 

Caaia floribvmda. — A bush was exposed at night for 40 m. to 
a clear sky, the temperature on the surrounding grass being 
— 2° C, and not a leaf was injured.* It was again exposed on 



■ Coufa Icvtnafct waa exposed 
10 a clear sky fl.r 35 m., aad C. 
adlmatha (a (J ilium! apceii-a) for 

enrrnnnding grew king 2^ d" 



injured. But when G. Ixvigata 
was exposed fur 1 h., the temp, 
on tile surrounding griiBS being 
bL-twcen - 3° and - 4° C., evert 
leaf was killed. 
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another night for 1 h., when -ho hni|vra1iiro of the graBS was 
- 4° C. ; and now all tho leaves on a largo bush, whether pinned 
flat open or free, were hilled, blackened, and shrivelled, with 
tLe exception of those on one email branch, low down, which 
waB very slightly protected by the leaves on the branches 
above. Another tall bush, with four of its large compound 
leaves pinned out horizontally, was afterwards exposed (temp, 
of siirroiiiiiliuir ^r;in exactly Hit' same, viz., — i c C), lull only 
for 30 m. On the fo'lowing morning every single leaflet on 
these four leaves was dead, with lioth their upper and lower 
surfaces completely blackened. Of tho many free leaves on the 
trash, only seven were blackened, and of these only a single one 
(which was n younger mid mure tender Ii-sif than any of tho 
pinned ones) had both surraces of the leaflets blackened. The 
contrast in this latter resjKict was well shown by a free leaf, which 
stood in: 'wet n (wo pmucdopen ones ; for those latter had tho 
lower surfaces of their leaflets as black as ink, whilst the inter- 
mediate free leaf, though badly injured, still retained a plain 
tinge of green on i.he. lowt surface of the leaflets. This hush 
exhibited in ft striking manner the evil effects of tho leaves not 
being allowed to as-nnie at night their normal dependent posi- 
tion; for had they all been prevented from doing so, assuredly 
every single leaf on tho hush would have been utterly killed by 
this exposure of only 30 m. The leaves whilst sinking down- 
wards in tho evening l wist round, so that the upper surface is 
turned inwards, and is I lies lietter protected than tho outwardly 
turned loner surface. Nevertheless, it was always the upper 
surface which was more blackened than tho lower, whenever 
any difference could be perceived between iheiu ; hut whether this 
was duo to Ihc eells near the upper surface being more tender, 
or merely to their eneMiniug iiiomj rhbiro| 'belt, we do not know. 

Mtliloiut officinalis.— A large pot with many plants, which 
lind been kept duriie- II..: winter in IIm -reeuhnuso, was oxposed 
during 5 h. at nigh I to a slight frost and clear sky. Four 
leaves had beon pinned out, and tiie.-e died niter a few days; 
hut so did many of the free h aves. Then fore nothing certain 
could be inferred from this trial, though it indicated that the 
Horizontally extended leaves suffered most. Another large pot 
with many plants was next exposed for 1 h., the temperature on 
tho surrounding grass being lower, via., - 8° to — 4° C. Ten 
leaves had boon pinned out, and tho result was striking, for 
on tho following morning all theso wore found much injured or 
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condition as the pinned-ont ones. It was not possible to decide 
whether the leaves witii their uppor or those with their lower 

MdiMvs luavtohvs.— Some plants with a leaves pinned out 
were exposed to a cl Mr .-iky liurji;:; 21i., Ihu temperature on the 
MirroniidLi:^ sriM.-.-; Winy - 2- C. X-jil uiiii'iiiiij; G out of tliehe 
H leaves wore in a flaccid condition. There were alwnt 150 free 
leaves on the plant, and none of these were injured, except 2 or 3 
very young ones. But after two days, (he [iluuis ii.iviii? Wii 
brought buck into the greenhouse, the 6 pinned-out leaves all 
recorered. 

Mcfflvtus Taurlca,— Several plants were exposed for 6 h during 
two nights to a clear sky and slight frost, accompanied by some 



much injured, whereas all the pinned out oi 
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McUlolua mtv.rorrMw.— The plants with exposed in the same 
manner as in tlie last case. Six leaves had been pinned out 
horizontally, and five of llicm were ki tt-cd r that is, 83 per cent. 
Wo estimated that thcro were 200 free leaves on the plants, and 
oi theFii iil.ionf 5') «vii: kdU-d mid '>L> kidly i.ir.m d, m> Ihivt about 
afi per punt, of tli,! free leaves were killed or injured. 

Zuius arista!,,.— Six plants were exposed for nearly 5 h. to a 

leaves had bciafpinned out horizontal!^ and 2 of these suffered 
more thun those above or below on the same branches, which 
had been allowed to p> to sleep. It is rather a remarkable foot 



clear sky, wit 
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the grass bet 
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¥2 were found in this siato. Aflor another interval, the plant 
with 1) luaves pinned out, was export for '.\~i-4Q rn, lo a cleat 
uliy and to nearly the same, or perhaps a rather lower, tempera- 
ture (for the tiiCTiuoiiicicr by an aceidmt lind been left on s 
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sun-dial close by), and 8 of these leaves were killed. Of the free 
leaves (those on llie truilhis hfitnejie.-; tint being eonsielorod), & 
good many were killed, hut their nun; I 'ft', uom puivd villi the 
uninjured ones, was small. Finally, taking the three trials 
together, 24 leaves, extended horizontally, were exposed to the 
zenith and to unobstrncted radiation, and of these 20 were 
kille.i nod 1 injured: ivlii;^, a rebifiveA' very entail proportion 
of tries leaves, which hud been allowed Id e-o ;.> sleep with (heir 
lfiifli't.-i vertically dependent, ivcv.- killed or injured. 

The a t v 1 1: i i . n i ^ t if st-vetAl j ■ 1 j - : i t ivcru pn-j '. I fur triiil, t'lit 
the weather waa mild and iee succeeded only in a single insluiico 
in having seedlings of the inu|kT u;;e on nights which nvm 
clear and cold. The cotylcdniis of G Koeiltiiifr-" <> f Mimosa ]w<lia> 
wen: fastened open on cork, :md in r.; thus nupi'iscd for 1 h. 15 m, 
to a clear sky, with the temperature on the snmjunding ground 
at 29= F. ; of these, 3 were killed Two other seedlings, after 
their cotyledons had risen up ami had closed together, were 

bent orer and fastened s;> that they si 1 hurizotitally, with the 

lower surface of one cotyledon hilly exposed to tho zenith, and 
both were killed. Thereforo of the 8 seedlings thuB tried 5, or 
more than half, were killed. 3oven other Bsedlings, with their 
cotyledons in thoir normal nocturnal position, via, vertical and 
closed, were espos. d at I lie -nine (ime, and of tin so only 2 wero 
killed." Hence it appear* : us I'a: :is tb--e f. iv truls leii anylhin^, 
that tho vertical position at night of the cotyledons of Mimosa 
puitiea protects them to a certain decree from tho evil offoots of 
radiation and cold. 

Concluding Remarks on the Radiation from Leaves 
at Night. — We exposed ou two occasions during the 
summer to a clear sky several pinncd-open leaflets 
of Trifolium pratense, which naturally rise at night, 
and of Osealit purjnirsa, whiuh naturally sink at night 
(the plants growing out of doors), and looked at 




expoatd fur 1 h. 30 in. to u cloai 
sky, with tlin tcni|i. en ilic sur- 
rounding ground at - 2° (J., arid 
they were net iti the least iujurod 
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them early on several successive mornings, after they 
had assumed their diurnal positions. The difference 
in the amount of dew on the pinned-opcn leaflets 
and on those which had gone to sleep was generdly 
conspicuous; the latter being sometimes absolutely 
dry, whilst the leaflets which had been horizontal 
were t'uiited with large beads of 'lew. This shows how 
much cooler the leaflets fully exposed to the zenith 
must have become, than those which stood almost 
vertically, either upwards or downwards, during the 
night 

From the several cases above given, there can be no 
doubt that the position of the leaves at night affects 
their temperature through radiation to such a degree, 
that when exposed to a clear sky during a frost, it is a 
question of life and death. We may therefore admit 
as highly probable, seeing that their nocturnal posi- 
tii.ni is so well adapted to lessen radiation, that the. 
object gained bv their ofu-n com plicated sleep move- 
chilled at night. It should be kept in mind that 
it is especially the upper surface which is thus pro- 
tected, as it is never directed towards the zenith, and 
is often brought into close contact with the upper 
surface of an opposite loaf or leaflet. 

Wo failed to obtain sufficient evidence, whether 
the better protection of the upper surface has been 
gained from its being more easily injured than the 
lower surface, or from its injury being a greater evil 
to the plant. That there Is some di tie re nee in consti- 
tution between the two surfaces i.s shown by the follow- 
ing cases. Cassia fioribunda was exposed to a dear sky 
on a sharp frosty night, and several leaflets which 
had assumed their nocturnal dependent position with 
their lower surfaces turned outwards so as to be 
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exposed obliquely to the zenith, ncvorfholoss had these 
lower surfaces less blackened than the upper surfaces 
which were turned inwards and were in close contact 
with those of the opposite leaflets. Again, a put 
full of plants of Trifolium re^qnuatum, which had 
Leon kept in a waim room for three days, was turned 
out of doors (Sept 21st) ou a clear and almost frosty 
night. Next morning ten of the terminal leaflets were 
examined as opaque objects under the microscope. 
These leaflets, in going to sleep, either turn vertically 
upwards, or more commonly bend a little over tile 
lateral leaflets, so that their lower surfaces are more 
exposed to the zenith than their upper surfaces. 
Nevertheless, sis of these ten leaflets were distinctly 
yellower on the upper than on the lower and more 
exposed surface. In the remaining four, the result 
was not so plain, but certainly whatever difference 
there was leaned to the side of the upper surface 
having suffered most. 

It has been stated that some of the leaflets eiperi- 
mented on were fastened close to the cork, and others 
at a height of from £ to $ of an inch above it; and 
that whenever, after exposure to a frost, any difference 
could he detected it) their states, the closely pinned 
ones had suffered most. We attributed this difference 
to the air, not cooled by radiation, having been pre- 
vented from circulating freely beneath the closely 
pinned leaflets. That there was really a difference in 
the temperature of leaves treated in these two dif- 
ferent methods, was plainly shown on one occasion ; 
for after the exposure of a pot with plants of Melilotua 
dentaia for 2 h. to a clear sky (the temperature on the 
surrounding grass being — 2 = C), it was manifest that 
more dew had congealed into hoar-fruit on the closely 
pinned leaflets, than on those which stood horizontally 

2n 
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a little above the cork. Again, the tips of some few 
leaflets, which h;i'l been pinned eloso to tho cork, pro- 
eeted a little beyond the edge, so that the air couhl 
circulate freely round them. This occurred with sis 
leaflets of 0.ealin acctondln, and their tips certainly 
Buffered rather less than the rest of the same leaflets ; 
for on the following morning they were still slightly 
green. The same result followed, wen still more 
clearly, in two cases with leaflets of Mctilotus ojjicinalis 
which projected a little beyond the cork ; and in two 
other cases some leaflets whieh were pinned close to 
the cork were injured, whilst other free leaflets on 
the same leaves, which had not space to rotate and 
assume their proper vertieal position, were not at alt 
injured. 

Another analogous fact deserves notice : we observed 
on several occasions that a greater number of free 
leaves were injured on the brandies which had been 
kept motionless by some of their leaves having been 
pinned to the corks, than on the other branches. This 
was conspicuously the ease wit Ji those of SMilnlits 
Petitjnerreana, but the injured leaves in this instance 
were not actually counted. With Ararhis hypogsea, a 
young plant with 7 stems lxire 22 free leaves, and of 
those 5 wore injured by the frost, all of which were on 
two stems, bearing four leaves pinned to the cork- 
supports. With Oxalis carnosa, 7 free leaves were 
injured, and every one of them belonged to a cluster 
of leaves, some of which had been pinned bi the cork. 
We could account for these cases only by supposing 
that the branches which were quite free bad been 
slightly waved about by tho wind, and that theii 
leaves had thus been a little warmed by the sur- 
rounding wanner air. If we hold our hands motion 
less before a hot fire, and then wave them about, we 
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immediately feel relief; and this is evidently an 
analogous, though reversed, ease. These several facts 
— in relation to leaves pinned dose to or a little above 
the cork-supports — to their tips projecting beyond it — 
and to the leaves on branches kept motionless — .semi! 
to us curious, as showing how a difference, apparently 
trifling, may determine the greater or less injury of 
the leaves. We may even infer as probable that the 
less or greater destruction during a frost of the leaves 
on a. plant which does not sleep, may often depend on 
the greater or less degree of flexibility of their petioles 
and of the branches which bear them. 

Ntctitropio on Sleep Movements of Cotyledons. 

We now come to the descriptive part of our work, 
and will begin with cotyledons, passing on to leaves 
in the next chapter. We have met with only two 
brief notices of cotyledons sleeping. Hofmeister,* 
after stating that the cotyledons of all the observed 
seedlings '.if t lie l.'aiyopli \\ltn: ('Al.-ine;e and Silwie;e) 
bend upwards at night (but to what angle lie does not 
state), remarks that those of Stellaria media rise up so 
as to touch one another; they may therefore safely be 
said to sleep. Secondly, according to Itamey.f the 
cotyledons of Mimosa pttdira and of CUanihus Dam- 
pieri rise up almost vertically at night and approach 
each other closely. It has been shown in a previous 
chapter that the cotyledons of a large number of 
plants bend a little upwards at night, and we here 
have to meet the diliienlt question at what inclination 
may they be said to sleep? According to the view 
which wo maintain, no movement deserves to be called 



• 'Dir. Lfl.ro v..ti iii:r I'il.mz.-nwlk'.* liiiiT. p. 'Ml, 
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nyctitupic, unless it has been acquired for the sake of 
lessening radiation ; but this could be discovered only 
by a long series of experiments, showing that the 
leaves of each species suffered from this cause, if pre- 
vented from sleeping. We must therefore take an 
arbitrary limit. If a cotyledon or leaf is inclined at 
60" above or beneath the horizon, it exposes to the 
zenith about one-half of its area; consequently the 
intensity of its radiation will be lessened by about 
half, compared with what it would have been if the 
coty 1 1 don or leaf had remained horizontal. This 
degree of diminution certainly would make a great 
difference to a plant having a tender constitution. 
We will therefore speak of a cotyledon and hereafter 
of a leaf us sleeping, only when it rises at night to 
an angle of about 60", or to a still higher angle, above 
the horizon, or sinks beneath it to the same amount. 
Not but that a lesser diminution of radiation may be 
advantageous to a plant, as in the case of Datura 
stramonium, the cotyledons of which rose from 31° at 
noon to 55° at night above the horizon. The Swedish 
turnip may profit by the area of its leaves being 
reduced at night by about 30 percent, as estimated 
by Sir. A. S. Wilson; though in this case the angle 
through which the leaves rose was not observed. On 
the other hand, when the angular rise of cotyledons or 
of leans is small, 3j.iEt.-li as less than oU tin 1 din it ei in i ■ -it 
of radiation is so slight that it probably is of no sig- 
nificance to the plant in relation to radiation. For 
instance, the cotyledons of Geranium Iberioum rose at 
night to 27° above the horizon, and this would lessen 
radiation by only 11 per cent. : those of Linum Beren- 
dieri rose to 33", and this would lessen radiation by 
16 per cent. 

There are, however, some other sources of doubt witn 
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respect to the sleep of cotyledons. In certain cases, 
the cotyledons whilst young diverge during the day to 
only a very moderate extent, so that a small rise at 
night, which wo know occurs with the cotyledons of 
many plants, would necessarily cause, thoin to assume 
a vertical or nearly vertical position at night; and in 
this case it wuuld ho rash to infer that the movement 
was effected for any special purpose. On this account 
we hesitated long whether wo sliuiiM introduce several 
Oucurbibiceons flan ts into the following list; but from 
reasons, presently to be given, we thought that they 
had better be at least temporarily included. This 
same source of doubt applies in some few other cases ; 
for at the commencement of our observations we did 
not always attend sufficiently to whether the cotyle- 
dons stood nearly horizontally in the middle of the day. 
With several seedlings, I lit- cotyledons assume a highly 
inclined position at night during so short a period of 
their life, that a doubt naturally arises whether this 
can be of any service to the plant. Nevertheless, in 
most of the cases given in the following list, the coty- 
ledons may be as certainly said to sleep as may the 
leaves of any plant. In two coses, namely, with the 
cabbage and radish, the cotyledons of which rise almost 
vertically during the few first nights of their life, it 
was ascertained by placing young seedlings in the 
klinostat, that the upward movement was not due to 

ftJKjgriitnipislll. 

The names of the plants, the cotyledons of which 
stand at night at an angle of at least 60 J „with the 
horizon, are arranged in the appended list on the sauie 
system as previously followed. The numbers of the 
Families, and with the Leguminosai the numbers of 
the Tribes, have been added to show how widely 
the plants in question are distributed throughout the 
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dicotyledonous series. A few remarks will have to 
be made about many of the plants in the list. In 
doing so, it will be convenient not to follow strictly 
any systematic order, but to treat of the OxalidaD 
and the Leguminoste at the close ; for in these 
two Families the cotyledons are generally provided 
with a pulvinus, and their movements endure for a 
much longer time than those of the other plants in 
the list. 



Lilt of Seedling Plants, the cotyledons of which rise or link at 
night to an angle of at ica-t GCP above or beneath the horizon. 

minnsie (Tribe 13>— acecrf- 
; to Mr. K. 1. LtbcI. 
it roltnoauides. Legnmlnoaa 
bf Prof. Pfefier). (Tribe 14). 



Anoda Wrighlii. nolvadex (Finn. 
36). 

Gwajpium (var. Nankin cotton). 



-- nrliiruliitii. 
- V.-.l.kyi.U).!. 



Sauobaus. 

GUaotbu Dampim. Leg 
miss (Tribe S>— according 

Smlihb/ BcmitiTs. Lcgum 

(Tribe 6). 
HiematoiTlon Cain|«rhninum. 



I.,!-,„i 



(sp. f). Legnmim 
(Tribe 15). 

lill'liLtL'll. Lcjjsiniiiii 

(Tribe 20). 
diroosa pudica. Legumini 

(Tribe 21). 
albida. 

;««iriiita nvifora. Cucurbit* 



(Kam. 151). 
purpurea. 
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List of Seedling Plants (continued). 

Solium l T cn p e r »i ctt ™. Soh«i3! M.r:.!,i]i S Ir.ngiaY.r.L. 

(Fan. 157). Beta i-ulgu™. Polygons [fu. 

Miinulns, (up. !) Scrophularine* 139). 

(Fam. 159) - from infcnmitLoa Amaranthm omnUtus. Amiran- 

givMi us bv IW. I'felfei-. Ilia™; (Fn.n. IS(I). 

Mirabili. jiUjn. Kyctagic™ : Cumabb Htm (?). CuwbUbm 

(Fsm. 137). (Fun. 19S). 

Brasses oleracea (Criu'.ifene). —It was sliown ill the first chapter 
that tho cotyledons of the common cabbage rise In tlie evening 
anil stand vertically up at night with their jittioles in contact. 
But as the two cotyledons arc of uneqnol height, they frequently 
inliTit-ri: a little will] each other's movements, ttia shorter one 
often not standing quite vertically. They awake rally in the 
morning; thus at 6.45 a.m. on Nov. 37th, whilst it was still 
dark, the cotyledons, which had been vertical and in contact on 
tin: [u-ivitnts evening, were refli x.jti, and thus presented .1 very 
different appearance. It should lie borne in mind that seedlings 
in germinating at the proper season, would not be subjected to 
darkness at this hour in the morning. The above amount of 
movement of the cotyledons is only t.etiqiorary, lasting with plants 
kepi in a warm greenhouse from four lo days ; how long it 
would lost with seedlings growing out o( doors wo do not know. 

Jtaphanus tativtis.~lr\ tho middle of the day tho hlndes of 
the cotyledons of 10 seedlings stood at right angles to their 
livpoeolyls, with llu-ir peti-alt^ a li; I !o ilivi.r^rnl ; at night the 
Marks sui.id vertically, with their li-.im.-s in contact and with 
their [tetioles parallel. Next morning, nt O.Ija.m., whilst it 
was still dark, the blades were horizontal. On tho following 
night they were much raised, but hardly stood sufficiently vor- 
tical to he paid to be asleep, and so it was in a still less degree 
on the third night. Therefore the cotyledons of this plant (kept 
in tho greenhouse) go to sleep for even a shorter time than 
those of the cabbage. Similar observations were made, but only 
during a single day and night, on 13 other seedlings likewise 
raised in the greenhouse, with the same result. 

The petioles of the cotyledons of 11 young seedlings of 
Shiqritt nigra were slightly divergent, at noon, and the blades 
stood at right angles to thu hypocoiyls; at night the petioles 
were in close contact, and the blades considerably raised, 
with their bases in contact, but only a few stood flufficieutlj 
upright to bo called asleep. On the following morning. 
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the petio'es diverged before it was light The hypocotyl it' 
slighlly sensitive, so that if rubbed with a needle it bonds 
towards the rubbed Bide. In the case of I i-pnliam mtivtan, (he 
petioles of tl.e eo:yledjns of juuttg secdlinas diverge during 
the day and converge so as to touch cadi other during l.lio 
night, by which means the brtscs of the tripartite blades are 
brought into eoniaet; hut Vic i>liiuo= are fo little raised that 
they cannot he said to sleep. The cotyledons of several other 
cruciferous plants w> re observed, but they did not rise sufficiently 
during tho night to be said to sleep. 

<: il.li.i-i-. s tjttnin 'C:in i)|i]i_v[li-;ii}. — On tnc Ib'-t day after the 
cotyledons bail Inir^t through (be fieed-roais, Ihcy stood at noon 
at au angle of 75° above tho horizon; at night they moved 
upwards, each through an angle of 15' so as to stand quite 
vertical and in contact with one another. On tlio second day 
the; snood at, noin at. abrivi! tho liurixon, and again at 
night wore completely closed, each having risen 31". On the 
fourth day the cotyledons did not quite close at night. The 
first and succeeding pairs of young true leaves behaved in 
exactly tho same manner We think that the movement in this 1 
case may bo called ir. cLtro|m.', I hough the auglo passed through 
was small. The cotyledons are very sensitive to light and will 
not tspand if exposed lo an extremely dim one. 

Antxl:i Wright ii .'.M.ilv.voie.:. ■ 'LI e eorykdonii whilst moderately 
young, and only from 2 to "3 inch in diameter, sink in the 
evening from llnjir ]oid-day horiy.o'ilal position to about :>."j° 
beneath II. t; hon/ou. I'.'.il when the -■Hue see slings were- older 
and had produced small true leaves, the almost orbicular 
cotyledons, now -of) inch in diameter, moved vertically downwards 
at night. This fact made \is suspect that their sinking might 
be dec merely to thoir weight ; hut they wore njt in tho least 
Hoccid, and when lifted up sprang back through elasticity into 
their former dependent position. A pot with sorai 
was turned upside down in the afternoon, be 



sinking mo vein en : apprised to be smr.cwhat disturbed; but at! 
their movements were occasionally variable without any apparent 
cause. This latter fact, as well as thai of the young cotyledons 
not sinking nearly so much as the older ones, deserves notice. 



Chap. VI SLEEP OF COTVLK] iu.\s. 



Although the movement of the cotylcdoi 
time, no pulvinus was exteriorly visibl 
Continued for a long time. The cotylcd l 
(lightly lieliut topic, though the liyjn.i'Olyl 
GosswiiunKirhonvra (?) (rar. Xnnkiu eott 
cotyledons behave in uearly the same nil 
Anoda. On Junu 1.0th the cotyledons o 
'65 inch in length (measured along the m 



We could not make out in the cast of tlio Napkin cotton, that 

soil being more or les» dry ; aire being tnkun that they were 
not rendered flaccid by in inj tou dry. Thu « fight of the large 
Cotyledons ot the Alahtmii and Si a- islam I kiln Is caused tbeni to 
hang somewhat doivinviii-'is, \v\iv.u the ]:ots in which they grew 
were left lor a tiino upside dawn. It should, however, ho 
observed that these three kinds were raised in the middle of 
the winter, which smnei inii'K greatly interferes with the litojiei 
nycti tropic movements of leaves and cotyledons. 
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Ciicurhibteeie.— The cotyledon a of f'untrUiin aurantia and out- 
fera, and of Lagavtria B ulg-iri s , stand from the 1st to the 3rd da; 
of their life at about 60 a above the horizon, and at night rise up 
bo as to become vortical and in close contact with one another. 
With fucumii du/iaim they stood at noon at 45° above the hori- 
zon, and dosed at night. The tips of tin; cotyledons of all these 
species are, however, r; If , i, so tli.it tliis pact is fully exposed 
to the zenith at niyM ; and tins fact, is opposed to the belief 
that the movement is of the name nature as that of sleeping 
plants. After the first two or three days the cotyledons 
diverge more diiritig the day mid cense to ulone ut night. 
Those of Irichomiilhes unburn are somewhat thick and fleshy, 
ami did not rise at jji^hl; and iiicy rouU pcrlups hardly lie 
expected to do bo. On the other hand, those of Atuiithmcyos 




up accidentally in a pot, ami its cotyledons were, observed to 
bend perpendicularly downwards during several successive 
nights, having been horizontal at noon. It grew into a line 
plant but died before flowering: it was sent lo Kew and pro- 
nounced to be certainly a Geranium, and in all probability the 
aliove-namod species. This cast! is vemnrkahlo because the 
cotyledons of G. ci-ereum, Ewlrcssii, Ibericinn, Ridtardtoni, and 

and thoy did not sink, whilst those of 0. ib ricum rose 27° at 

A/iiitm petmsliniiin (Umbel lifers). ■ A seedling had its coty- 
ledons (Nov. 21!nd) almost fully expanded duriiij; the clay; by 
8.30 p.m. thoy had risen considerably, and at 10.30 p.m. were 
almost closed, their tips being only of an inch apart. On 
the following raoniiiig (iirinl) the li|is were of an inch apart, 



• This plant, from Dammara climber; it lias boon dencribml 

Lnnd in S. Africa, is renin ikulila in 'Transact, Linn. Boo.,' xxvii 

from l.i in- I e un known in. m- p. 30. 
btr of tiie Family which i> uut b 
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or more than sovcn times as much. On the next night the 
cotyledons o cupied nearly the fame position ns lielbro. On the 
morning of the- 21th they stood horizontally, and at night were 
60" above tho horizon ; and so it was on tha night of the 25th. 
Bat four days afterwards (on the -JDth), when tho seedlings 
were a week old, the eoiyledons had caused to rise at night to 
any plain degree. 

A/><ii:<> virus —The niiylotliHis ill iinjii Kef; horRunial. 

a:ul at 10 p.ii. stood at iin aegle oi ul"' a;:ove die huri, mi. 

I.H'.tu'.i ftu !■('■'«( ((.'ompositfo). Tho cotyledons whils: young 
stood sub-horizontally during tiic tiny, and at night rose so as 
to almost vftiticiil, and some were 'pii'o vertical and elosed ; 
hut this iiiiiv.-nifiil eea-od when tin -.y had grown old and largo, 
after an interval of 11 days. 

Ih-tiai.tliiis ■'..-;,!"<■ (Uim|>.i*i!ii;\ — Tills i-.:tsi' is rat ln'r d.mli! fill ; 
the cotyledons rise at iiiitht, and on nno ori.-asion they stood at 
73= shove the horizon, so that they might then ho said to Imve 
been asleep. 

Jpoauea cmrule i vol Ph-:sbitis nil (Convolvulacem).— Tho coty- 
ledons behave in neatly tin; same tsuitl i-r as r 1 1. ..<;(.■■ el' ijie Ano hi 
end Niiidd'u cotton, iiti.I like llieni puif to a large size. Whilst 
young and small, so that their blades were from 5 to li of an 
inch in length, measured along the middle to tho liase of the 
central notch, they remained horizontal Wth during the middle 
of the day and at night. As they increased in size they licgan 
to sink mora and more in tho evening and early night; and 
when they had grown to o length (measured in tho above 
maimer) of from 1 to I'i) inch, i hey said; hul ween .jiV and 7I>° 
beneath the horizon. They aittcd, however, in this manner only 
when they had been well illuminated during the day. Never- 
theless, the cotyledons have little or no power of tending 
towards a lateral light all lough the liypocoiyl is strongly helio- 
tropie. They are not provide i with a pu!viuns, but continue 
to grow for a long time. 

Ijiomna purpurea (vel Fharbitia hit[iida). — The cotyledons 
behave in nil respects lifco those of /. cccrulea. A seedling with 
cotyledons -75 inch in length (measured as before) and l li5 
inch in breadth, having a small true leaf developed, was placed 
at 5 30 p.m. on a klinostat in a darkened box, so that neither 
weight nor geotropism could act on them. At 10 p.m.oiio coty- 
ledon stood at 77° and tho other at W beneath the horizon. 
Before being placed in tho klinostat they stood at IS" and 2y« 
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beneath tlie horizon. Tlie nocturnal position depends chiefly 
on tlii! curvature of tlie petiole i-iose 1" tin: blade', but tlie whole 
petiole liceomes slightly curved downwards. It deserves notice 
that scedlinps of this and tlie last-named species were raided at 
the end of February and another lot in the middle of March, 
and the cotyledons in neither onto exhibited any nyetitropie 
movement. 

Jjmnvm hona-nox, — The cotyledons after a few days grow to 
an enormous size, those on a young seedling being 31 inches 
in liiViulth. Tht-y ',v«rtj cx^ondii! lioii/uutally at. noon, and at 
10 p.m. stood at 63° beneath the hurram. Five days after- 
wards they were- J '■ indies in hicnlth. and at night one stood at 
61° and the other IS 0 beneath the horizon. Though tho blades 
are thin, yet from their great size and from the potioles being 
iong. we imagined thai their depression at night might In! 
determined by their weight; but when tho pot was laid hori- 
K'in!iil!y, jiirj- 1 1 1 1 1 ■■ 1 coi-wd tuviir'ds tiki hypocotyl, which 
movement coiitd not have Imen in thi! least aided by their 
weight, at the same time tiicy wei'i! i-iiiM'-what [listed upwards 
through apogeotropism. Kevertbeless, the weight of the coty- 
ledons is so fur influential, that when on another night tho put 
wan turned upside down, they were unable to rise and thus to 

USSIllIU! T/H ir | IL'ijj )■■!■ TiOetOl'Iial position. 

//i.i»i(i".M-t(.- i l!lii: ..'■■lylodons whilst young do not sink 
ill night, but win n iir..ivti a 'o nldcr, but still only -1 inch in 
length (measured as holVe^ and 'H'J in i h ji i.i.l : : j . they became 
greatly depressed. In oini ease they were horizontal at noon, 
and at 1U ph. ono of them stood at 61° and the other at 47° 
beneath tho horizon. The blades are thin, and the petioles, 
which tecoirn! much eurvod down at night, are short, so that 
lieve wc:"ght c".n hardly have pmd!i<el any effort With all the 
above species of Ipomcea, when the two cotyledons on the samo 
seedling were unequally depressed at night, this seemed to 
depend on tho position which they had hold during the day 

S„! l„ti,i: J: ■ IV ,■"<■«...., ( Sol.'t nOffi / . — TllO C'tt V ItdoilS rifiO SO 

much at night as to come marly in coutact. Those of 5. patina- 
eanthum were horizontal at noon, and by 10 p.m. had rieen only 
27° BO' ; but on tho fi.llowing morning before it was light they 
stood at 5i)° above tiie hori/on, and in afternoon of the same 
day wore again horizontal. Tho behaviour of the cotyledons ol 
this latter species seems, therefore, to be anomalous. 
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Mimbilis j'tlapa and !'»inijl<m (Xynfcigincio).- The cotyledons, 
which are of unequal size, stand horizon tally during the middle 
of the day, and at night rise up vertically and come into clone 
contact with one another, But this movement with M. longijlor,t 
lasted for only the tlrroo first nights. 

Beta vulgaris (Polygoncco). — A largo number of seedlings wore 
observed on throe occasions. During tho day the cotyledons 
sometimes stood s;iiti-lmnz.)iii;illy, but more commonly at an 
angle of about 50° above the horizon, and for the first two or 
tliree nights they rose up vertically so as to be completely 
closed. During tho succeeding one or two nights they rose 
only a little, and afterwards hardly at all. 

.\ ::i'tnii,ti:n: cu i;. ■'.('.« (A mariin tli ;ic(. t).— At noo:i (lie coty- 
ledons of many seedlings, wliudi had just yen intuited, stood at 
about 45" above tho horizon, and at 10.13 p.m. some were nearly 
and others quite closed. On the following morning they were 
apiiu Midi 'j\p,indcd or open. 

Cannabis ealiv t (Camiabiuca;). -We are v cry doubtful wbothor 
this plant ought to bo hero included. The cotyledons of a larfro 
number of seedlings, after being well illuminated during the 
day, were curved downwards at night, so that the lips of some 
pointed directly to the ground, but the basal part did not appeal 
to i-o at all diijir'.i-scd. On thu loiimvntij; i:i-irning they were 
again flat and horizontal. Tho cotyledons of many other seed- 
ling were at the same time not in any way affected. Therefore 
this ease seems very different from that of ordinary sleep, and 
probably comes under the head of epinasiy, as is (ho case with 
the leaves of tins plant according to Kiaus. The cotyledons are 
heliotropic, and so is the hypocotyl in a still stronger degree. 

Otealie, — We now como to cotyledons provided with a pulvinus, 
all of which are rcEiiariadile from the continuance of the nocturnal 
movements during several days or even weeks, and apparently 
after growth has ceased. Tho cotyledons of 0. rus'u, fio, ibunda 
and ■•rtictda/a sink vertically down at night and clasp the upper 
part of the hypocotyl. Those of 0. IWhi-nta and sutitiva, on 
tliu contrary, riso vertically up, so that their uppor surfaces come 
into close contact; and after the young leaves are developod these 
are clasped by tho cotyledons. As in thedaytime they stand hori- 
zontally, or are even a little deflected beneath the horizon, they 
move in the evening through an angle of at least 90". Their 
joniplicated circiuu nutating ruovcineuls during the day havf 
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been described in the first chapter. The experiment was a 
superfluous nne,l:ii1 tints with mi d lings of O.rmm aud Jlanlici'/a 
were turned upside down, as soon as the cotyledons began to 
show any signs of Bleep, and this made no difference in their 

LegumiiiOBte.~ It may lie seen in our list that tho cotyledons 
of EfiVi'rnl species in nine genera, widely distributed through- 
out the Family, sleep at night ; and lliis probably is the ease 
with many others. The cotyledons of all t" 



a all is continued 



of an eleventh species, namely, C. no*™, are thick and fleshy, 
and do not rise up at night. The cirenmnutation of the coty- 
ledons during tho day of ft (era has beou described in the first 
chapter. Although the cotyledonsof Smithia amsitu-a rose from 
a horizontal position in the middle of the day to o vertical ona 
at. night, those of f>". !'fu.udn. which nm ; h ii-1; and fleshy, did not 
sleep. When Mim-ta pudi-a and ulhida hare been kept at a 
sufficiently high temperature (luring the day, the cotyledons 
come into close contact at night ; otherwise they merely rise up 
almost vertically. The cirenmnntntion of those of M. pudiea 
has been described. Tho cotyledons of a ilauhinia from St. 
Catharina in Brazil stood during tho day at an angle of about 

° ;i!oyc (lie horizon, ami at night rn;e to 77 c ; but it is prr> 
Kiiili: that they ™«id have closed completely, if tin: seedlings 
hail 1 een kept in a warmer place. 

lotas. — In three specieB of Lotus the cofyledons wore observed 
to Bleep. Those of L. Jacoha-.v. pnwii llm singu lur r:iw not 
rising uA night in any eouhpicuniis nMnmer for the first 5 or 
6 days of their life, and the pulvimis is not well developed at 
this period. Afterwards the sleeping movement is well dis- 
played, though to a variable degree, and is long continued. 
Wo shall hereafter meet with a nearly parallel case with the 
loaves of Sida rhrnnbtfuUu, The cotyledons of L. U'ebtlii are 
only slightly raised at night, and differ much in this respec* 
from tho three species in our list 
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Trifitium.— The germination of 21 species was observed. In 
most of them the cotyledons rise hardly at all, or only slightly, 
at night; but tho-as of T. gtamtratum, striatum and incatnatum 
rose from 45° to 55" aliora tho horizon. With T. suiierroneiiwi, 
leucai.th.mum and stri-Uim, tijoy stood up vertically; end with 
71 sfi-icfum the risin b movomont is accompanied, as we stall Fee, 
by another umveuirut, whidi iiiiikns us believe that the rising; 
is truly iiycti tropic. We did nol rimifuliy exiunirm "be coty- 
ledons of all the speeies for a pnlviuus, but tliis organ was 
disiiuctly |it'i!Si'ii; in ill o-i' ill" T. 'i (.'<.' ,'.-)■ .■«m, ■» ail' I sfrMinn ; whilst 
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CO"yVclnns, irhch nro provided mtli a piilvinns, fi'ooii at wxni 
horizontally. nti:l 3t ii<niit T;ise to only aimnl 4.i" nlwvc the 
hni.zon Knur days afterwards tin: schIIiii^h irero otain nb- 
eec«t'il at n nht and -iow the bladis stond mWrnl.y and were 
in contact, excepting dm tipi, whicli wru much derkscd, W) 
tint ttn-y faced tliu ni'iiith. At this src tin: (r'tioles an: curved 
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ujiw.u-ds. n.ii.1 ill iiij/hl, wlipi! "lie iav: of tho hlude* fins in rou- 

Lhe pkunulo. The cotyledons ijontiniii.".! to : n ■ I in nearly the saino 
manner for 8 or 10 days from tho period of germination; but 
ttit; petioles liiul I'.v i'.un lime become straight u:nl iiiid incirasfd 
much in length. After from 12 to 14 days tho first simple true 
leaf was formed, and during the ensuing fortnight a remarkable 
movement was repeatedly observed. At I. (Fig. 125) we have 
a sketch, mode in the middle of (he day, of h seedling about 
a fortnight old. The two cotyledons, of which Be is the 
uglit, and Lc tho left one, stiv.d ..liieetiy opposite one another, 

Fig. 125. 



Apposite fid*. Tha back of tho first loaf. J, is hero shown instead of 

and the first true leaf (F) projects at right angles to them. At 
night (see II. and III.) the right cotyledon (Re) is greatly 
raised, but is not otherwise changed in position. The left 
cotyledon (l.c) is likewise raised, but it is also twisted, so that 
its blade, instead of exactly facing the opposite one, now stands 
at nearly right angles to it This nocturnal twisting movement 
is affected not l>y mcRm of Iho ruMmis. Imt by the twisting of 
the whole length of flic petiole, as conld Ik' seen liy the curved 
line of its upper concave surface. At the same time the true 
leaf rises up, fo as to stand vertically, or it even passes the 
vertical and is inclined a little inwards. It also twists a little, 
by which means the upper surface of its blade fronts, and 
almost comes into eonfact with, the upper surface of tho twisted 
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iett cotyledon. This seems to be -the object gained by those 
singular movements. Altogether 20 seedlingB wereexamined on 
successive nights, and in 19 of them it was the left cotyledon 
alone which became twisted, with the true leaf always so twisted 
that its uppor surface approached closely and fronted that of the 
left cotyledon. In only one instance was the right cotyledon 
twisted, with the true leaf twisted towards it ; but this .seedling 
was in an abnormal condition, as the left cotyledon did not rise 
tip properly at night This whole case is remarkable, aa with 
the cotyledons of no other plant have we seen any nocturnal 
movement except vertically upwards or downwards. It is the 
more remarkable, because we shall meet with an analogous case 
in the leaves of the allied genus Melitotus, in which the ter- 
minal leaflet rotates at night bo as to present one edge to the 
zenith and at the same time bends to one side, so that its npper 
surface comes into contact with that of one of the two now ver- 
tical lateral leaflets. 

Concluding Remark* on the Nyctilropie Movements of 
Cotyledons. — The sleep of cotyledons (though this is a 
subject which has been little attended to), seems to be 
a more common phenomenon than that of leaves. We 
observed the position of the cotyledons during the day 
and night in 153 genera, widi ly distributed through- 
out the dicotyledonous scries, but otherwise selected 
almost by hazard; and one or more species in 26 of 
these genera placed their cotyledons at night so as 
to stand vertically or almost vertically, having gene- 
rally moved through an angle of at least (30°. If we 
lay on one side the Leguminoso!, the cotyledons of 
which are particularly liable to sleep, 140 genera 
remain : and out of tliwc, the cotyledon* of lit least one 
species in 19 genera slept. Now if we were to select 
by hazard 140 genera, excluding the Leguminoso;, and 
observed their leaves at night, assuredly not nearly 
bo many as 19 would be found to include sleeping 
species. We here refer exclusively to the plants 
observed by ourselves. 
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In our entire list of seedlings, there are 30 genera, 
belonging- to l(i Families, the cotyledons of which in 
some of the species rise or sink in the evening or 
efcriy night, so as to stand at least 60° above or be- 
neath the horizon. In a large majority of the genera, 
namely, 24, the movement is a rising one; so that 
the same direction prevails in these nyctitropic move- 
ments as in the lesser periodic ones described in the 
second chapter. The cotyledons move downwards 
during the early part of the night in only G of the 
genera; and in one of them, Cannabis, the enrving 
down of the tip is probably due to epmn.sly, us limns 
believes to be the ease with the leaves. The down- 
ward movement to the amount of OCT is very decided 
in Oxalis Valdiviana and sensitiva, and in Geranium 
rotunilifolium. Jl is a rcjnnrkuble fact that viithAnoda 
Wrigktii, one species of Gossypiuin anil at least 3 
species of Ipomcea, the cotyledons whilst young and 
light sink at night very little or not at all ; although 
this movement becomes well pronounced as soon as 
they have grown large and heavy. Although the 
downward movement cannot be attributed to the 
weight of the cotyledons in the several cases which 
were investigated, namely, in those of the Anoda, 
Ipomcea purpurea and bona-nox, nor in that of I coc- 
cine.a, yet bearing in mind that, cotyledons are cou- 
tinually circumnutating, a slight cause might at first 
have determined whether the great nocturnal move- 
ment shonld be upwards or downwards. We may 
therefore suspect that in some aboriginal member oi 
the groups in question, the weight of the cotyledons 
first determined the downward direction. The fact of 
the cotyledons of theso species not sinking down much 
whilst they are young and tender, seems opposed to 
the belief that the greater movement when they are 
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grown older, lias lieen acquired for the sake of pro- 
tecting thorn from radiation at night; but then we 
should remember that there are many plants, the 
leaves of which sleep, whilst the cotyledons do not ; 



protected than the young ones. 

In al! the species of OmiIm oIwjvvciI by us, the coty- 
ledons are provided with pulvini; but this organ has 
become more or less rudimentary in 0. corniculata, 
and the amount of upward movement of its cotyledons 
at night is very variable, but is never enough to be 
called sleep. We omitted to ascertain whether the 
cotyledons of Geranium rotundifolium possess pulvini. 
In the J.e£iimimjs;r! uM the cotyledons which sleep, as 
far as we have seen, are provided with pulvini. But 
with Lotus Jacobteus, these are not fully developed 
during tho first few days of the life of the seedling, 
mi! the eiilykuluns do not thru vise much at night. 
With Trifoliwm slrietttin the blades of the cotyledons 
rise at night by the aid of their pulvini ; whilst the 
petiole of one cotyledon twists bull- round ut tin; same 
time, independently of its pulviuus. 

As a general rule, cotyledons which are provided 
with pulvini continue to rise or sink at night din ing 
(i much longer period than those destitute of this organ. 
In this latter ease the movement no doubt depends on 
alternately greater growth on the upper and lower side 
of the petiole, or of the blade, or of both, preceded 
probably by the increased turgesernee of the growing 
cells. Such movements generally Inst fur a vcrv 
short period — for instance, with Brassica and Githago 
for 4 or 5 nights, with Beta. for 2 or 3, and with 
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Raphanus for only a single night. There are, however, 
gome strong exceptions to this rule, aa the eotj leduns 
of Gossypium, Anoda and Ipomrea do not possess pul- 
vini, yet continue to move and to grow for a long time. 
We thought at first that when the movement lasted for 
only 2 or 3 nights, it cotild hardly bo of any sei-vicu 
to the plant, and hardly deserved to be called sleep ; 
but as many quickly-growing leaves sleep for only a 
few nights, and as cotyledons are rapidly developed 
and soon complete their growth, this doubt now seems 
to us not well-founded, more especially as these move- 
ments are iu many instances so strongly pronounced. 
We may here mention another point of similarity 
between sleeping leaves and cotyledons, namely, that 
some of the latter (fur instance, those of Cassia and 
Githago) are easily affected by the absence of light; 
and they then either etose, or if closed do not open ; 
whereas others (ns witli the cotyledons of Osalis) are 
very little affected by light. In the nest chapter it 
will be shown that the nyctitropic movements both 
of cotyledons and leaves consist of a modified form of 
c ire urn nutation. 

As in the Legnminusa; and Oxalida?, the leaves and 
the cotyledons of the same species generally sleep, the 
idea at first naturally occurred to us, that the sleep 
of the cotyledons was merely an early development of 
a habit proper to a more advanced stage of life. But 
no siieh explanation, can be admitted, although there 
seems to be some connection, as might have been 
expected, between the two sets of cases. For the 
leaves of many plants sleep, whilst their cotyledons do 
not do so — of which fact DeMnodium gyrana offers a 
good instance, as likewise do three species of Nico- 
tiana observed by ns; also Sida rkombifulia, Ahitilon 
Daruinii, and Clienojwdium alhwn. On the other 
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hand, the cotyledons of some plants sleep anii not the 
leaves, as with the species of Beta, Brass ica, Geranium, 
Aphim, Snlanum, and Mirabilis, named iri our list. 
Still more striking is the fact that, in the same genus, 
the leaves of several or of all the species may sleep, 
but the cotyledons of only some of them, as occurs 
with Trifolium, Lotus, Gossypium, and partially with 
Oxalis. Again, when both the cotyledons and the 
leaves of the same plant sleep, their movements may 
he of a widely dissimilar nature: thus with Cassia the 
cotyledons rise vertically up at night, whilst their 
leaves sink down and twist round so as to turn their 
lower surfaces outwards. With seedlings of Oxalit 
Valdiviana, having 2 or 3 well-developed leaves, it 
was a curious spectacle to behold at night each leaflet 
folded inwards and hanging perpendicularly down- 
wards, whilst at the same time and on the same plant 
the cotyledons stood vertically upwards. 

These several facts, showing the independence' of 
the nocturnal movements of the leaves and cotyledons 
on the same plant, and on plants belonging to the 
same genus, lead to the belief that the cotyledons have 
acquired their power of movement for some special 
purpose. Other facts lead to the same conclusion, 
3uch as the presence of pulvini, by the aid of which 
the nocturnal movement is continued during some 
weeks. In Oxalis the cotyledons of some species 
move vertically upwards, and of others vertically 
downwards at night ; but this great difference within 
the same natural geuus is not so surprising as it 
may at first appear, seeing that the cotyledons of all 
the species are continually oscillating up and down 
during the day, so that a small cause might determine 
whether they should rise or sink at night. Again, the 
peculiar nocturnal movement of the left-hand coty- 
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ledon of Trifolium. striatum, in combination with thai 
of the first true leaf. Lastly, the wide distribution in 
the dicotyledonous series of plants with cotyledons 
which sleep, lteflccting on these several facts, our 
conclusion seems jusiifiud, that the nyotitropie move- 
ments of cotyledons, by which the blade is made to 
stand either vertically or almost vertically upwards 
jr downwards at night, lias hern acquired, at least 
in most cases, for some special purpose; nor can w D 
doubt that this purpose is the protection of the upper 
surface of the blade, and perhaps of the central bud 
or plumule, from radiation at night 
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CHAPTER VII. 
JlomnEQ CiKCcsiNtTAioH r NYotTntowo on Sleep Movejienh of 

Conditions newssaryfortliesc movements-- Listof Gcnornand Fnmililis, 
whion includo sleeping plants — Description of the movements in 
Ujo sever:;] Gi'iienL — OMilis: lwiilrls filled m ni^-lit— Avoirhua : 
rapid movements of the leaflets— PUiliem: lesfiets close when 
)jl;:iit kept very dry — Tnip;ui:liii» : leaves Jo not sleep unless WiH 
illuminated during iby— Lnpinus: vst'otie modes of sleeping — 
Melilotus: sin-uLir m..vemrtita <>f tcrmiiml leaflet -Triful in m— 
Desmodium; rudimentary Lit ltd 1 Ion lifts, movements of, not de- 
veloped on young plsuls statu <M" Hie r pnlvini— CuSsia : eumplel 
movements of the linnets— liiiuliiiiin: leiives folded at night— 
Mimosa pudica; compounded movements of leaves, elliet of dark- 
nog — Mimosa nllj;ila, rodin-ed LuiUta of— ^cbrankin: downward 
movement of tiio pinn«a— MbibUo 1 1 Uio only eiyptogam known to 
sleep — Concluding n marks mid summary— Xyctitmpism Congrats 
of modified cinnmnuuttlnn, regulated by the nit, rnothns of light 
and darkness— Shape or first true leaves. 

We now como to the nyctitropie or sleep move- 
ments of leaves. It should be remembered that we 
confine this term to leaves which place their blades 
at night either in a vertical position or not more than 
30° from the vertical, — that is, at least 60° above or 
beneath the horizon. In some few cases thia U 
e fleeted by the rotation of this blade, the petiole not 
being either raised or lowered to any considerable 
extent. The limit of 30° from the n'l-timi if! obviously 
an arbitrary one, and has been selected for reasons 
previously assigned, namely, that when the blade 
approaches the perpendicular as nearly as this, only 
half as much of the surface is exposed at night to the 
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zenith and to free radiation as when the blade in 
horizontal. Nevertheless, in a few instances, leaves 
which seem to be prevented by their structure from 
moving to so great an extent as 60" above or beneath 
the horizon, have been included amongst sleeping 
plants. 

It should be premised that the nyctitropic move- 
ments of leaves are easily affected by the conditions 
to which the plants have been subjected. If the ground 
is kept too dry, the movements are much delayed 
or fail : according to Dassen,* even if the air is 
very dry the leaves of Impatiens and Malva are 
rendered motionless. Carl Kraus has also lately 
insisted t on the great influence which the quantity of 
water absorbed has on the periodic movements of 
leaves; and lie believes that tins cause chiefly deter- 
mines the variable amount of sinking of the leaves of 
Polygonum convolvulus at night ; and if so, their move- 
ments are not in our sense strictly nyctitropic. Plants 
in order to sleep must have been exposed to a proper 
temperature : Erylhrina crisia-galK, out of doors and 
nailed against a wall, seemed in fairly good health, 
but the leaflets did not sleep, whilst those on another 
plant kept in a warm greenhouse were all vertically de- 
pendent at night. In a kite hen- garden the leaflets of 
Phaseolug vulgaris did not sleep during the early part 
of the summer. 01). Roycr says,J referring 1 suppose 
to the native plants in France, that they do not sleep 
when the temperature is below 5° C. or 41° F. In 
the case of several sleeping plants, viz., species of 



• Diiuen, ' Tijilsslirift iw. Nil- Hut.' (.1th is. 1868, ['■ 
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Tropawlum, Lupinus, Ipomcen, Abutilon, Siegesbeckia, 
and probably other genera, it is indispensable that 
the leaves should be well illuminated during the day 
in order that they may assume at night a vertical 
position ; and it was probably owing to this cause 
that seedlings of Clienopodium album and Siegesbeckia 
orientalis, raised by us during the middle of the winter, 
though kept at a proper temperature, did not sleep. 
Lastly, violent agitation by a strong wind, during a 
few minutes, of the leaves of Maranta, arundihaeea 
(which previously had not been disturbed in the hot- 
house), prevented their sloping (hiring the two next 
nights. 

We will now give our observations on sleeping 
plants, made in the manner described in the Intro- 
duction. The stem of the plant was always secured 
(when not stated to the contrary) close to the base ol 
the leaf, the movements of which were being observed, 
so as to prevent the stem from circumnutating. As 
the tracings were made on a vertical glass in front of 
the plant, it was obviuuslv impossible to trace iti 
course as soon as the leaf became in the evening 
greatly inclined either upwards or downwards ; it 
must therefore be understood that the broken lines 
in the diagrams, whieh represent the evening and 
nocturnal courses, ought always to be prolonged to a 
much greater distance, either upwards or downwards, 
than appears in them. The conclusions which may be 
deduced from our observations will be given near the 
end of this chapter. 

In the following list all the genera which include 
sleeping plants are given, as far as known to us. The 
same arrangement is followed as in former cases, and 
the number of the Family is appended. This list 
possesses some interest, as it show s that the habit of 
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deeping is common f 
the whole vascular seri 



ome few plants throughout 
The greater number of the 
genera in the list have been observed by ourselves 
with more or less care ; but several are given on the 
authority of others (whoso names are appended in the 
list), and about these we have nothing more to eay. 
No doubt the list is very imperfect, and several genera 
might have been added from the 'Somnus Flantarum' 
by Linnieus ; but wo could not judge, in some of his 
cases, whether the blades occupied at night a nearly 
vertical position. He refers to some plants as sleeping, 
tor m^trince, I.alhjrus oilaratus unil Vi'-ia fuha, in u'hidi 
we could observe no movement deserving to be called 
sleep, and as no one can doubt the accuracy of Linnteus, 
we are left in doubt. 

List of (lenira, inibtdh-j </>eriis tin leaves of mliieh sleep. 
Clash I. DICOTYLEDONS. 

Trop«ol« (+8> 
I LpguminoMB (75". 
f Tribe II. 



I'orliEria. 
Guincwn. 
lilt] aliens 0.iD-| 

urn, rarer,! 

Bum] in) 1 



Lines (39). 
Ojalida (41). 

ZjgnphyllaB (45). 



t;|^lb,L'lih|jill r >;i, 

Colaten. 



"„ Tr.Tl 
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to what angle be cannot 
remember. The leaves of 

rhonibi/olm and reiuso, on 
the other hand, rise np 
vertically, and are pressed 
against the stem. We have 
therefore here within tho 
same genus, directly op- 
posite movements. Again, 
the leaves of .S'. rhombifolia 

) furnished with a pul- 



s of 



small cells destitute of chlo- 
rophyll, and with their 
longer axes perpendicular 
to the axis of the petiole. 
As measured along this 
latter lino, these colls are 
only Jth of tho length of 
those of (lie petiole; but 
instead of being abruptly 
separated from them (as is 
usual with tha pulWnus in 
most plants), the; graduate 
into the larger cells of tho 
petioie. On the other hand, 
X. nap&a, according to Ba- 
talin, does not possess a 



puki 



; and 



is informs 
ion may 1« 
eral species 

he petiole, 
i presents 
ty, of which 

saves that 



,br«d. OCttl- , , 

young plants, 
in the evening, do not go to sleep, a 
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on several occasions; whilst those on rather older plants Bleep 
in a conspicuous manner. For instance, a leaf ('85 of an inch 
in length) on a very young m.vdliug ii indies high, stood at limn 
T above the horizon, and at 10 p.m. at 28", so it had risen only 
19°; another leaf (1*4 inch in length) on a seedling of the 
same height, stood at the Banie two periods at 7" and 32", and 
therefore had risen 25°. These leaves, which moved so little, 
had a fairly well -developed jinlvinus. After an interval of some 
weeks, when the same seedlings were 2i and 3 inches in-height, 
some of the young ieaves stood up at night quite vertically, and 
others were highly inclined ; and so it was with hushes which 
were fully grown and were flowering. 

The movement of a leaf was traced from 9.15 A.M. on 
May 28th to 8.30 a.m. on the 30th. The temperature was too 
low {15° — ICC), and the illumination hardly sufficient; con- 
sequently tlw leaves did not Income quite so highly inclined at 
night, as thoy had done previously and as they did snbse- 
qcently in the hot-house; lint the movements did not appear 
otherwise disturbed. On the first day the lent' sank till 
5.15 p.m.; it ttirii men mpiilly and grrea-iy iill 10.5 iml, and 
only a little higher during the rest of the night (Fig. 126). 
Early or. the next day ('JUth) it fell in a slightly zigzag line 
rapidly until 9 a.m., by which time it hud reached nearly the 
same place as oil the previous !r.>>nii]if.". 1 J :i ling the remainder 
uf the diiy it I l - 1 1 slowly, and ?ig7ngged laterally. The evening 
rise began after i p.m. in the same manner as before, and on 
the second morning it. again fell rapidly. The ascending arid 
deseending lines do not coincide, as may he seen in the diagram. 
On the 30th a new tracing waB made (not here given) on a 
rather enlarged scale, as the apci of the leaf now stood 9 inches 
from the vertical glass. In order to observe more carefully the 
course pursued at the time when the diurnal fall changes into 
the nocturnal rise, dots were made every half-hour between 
4 p.m. and 10.30 f.u. This rendered the lateral zigzagging 
movement during the evening mote conspicuous than in the 
diagram given, but it was of tho r*amo nature as there shown. 
The impression forced on our minds was that the leaf was 
expending superfluous movement, so that the groat nocturnal 
rise might not occur at too early an hour. 

Abutllon DaminU (Halvaceie).— The leaves on somo very 
young plants stood almost horizontally during the day, and 
hung down vertically at night. Very fine pla'.its kept in a 
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ttiH day. The cotyledons ■ 1 ■ ■ not hIw-ji. Limiauis says that tits 
leaves of his Suit uluUhm sink perpendicularly down at night, 
though tlis petioles rise. Prof. Pfefler informs us that the 
leaves of a Malva, allied to it. tylvtetris, rise greatly at night; 
and this genus, as well as that of Hibiscus, are included by 
Linnaius in his list of sleeping plants. 

Anoda WrightU (Malvaceffl).— Tho lawns, produced by Tery 
young plants, when grown to a moderate size, sink at night 
either almost vertically down or to an angle of about 45° beneath 
the horizon; for there is a consfclarable degree of variability in 
tin' iLiimuiif r.i" siulfiiM.; :ii n^rht , ivlik'h depends in part on the 
degree to whioh they have lieen illuminated during the day. 
But the leaves, whilst quite young, do not sink down at night, 
and this is ii very uimsunl eireunisfunee. The summit of the 
petiolo, where it joins the blade, is developed into a pulvimis, 
find ilus is ] i iv *■ nt in wry yo'.inc leaves whii'.h do not sleep; 
though it is not so well defined as in older leaves. 

Giasy/iium (var. Nankin cotton, Malvacere). — Some young 
leaves, hetween 1 mid 'J inches in length, k>n,e by two seed line's 
li iiinl ~!\ ii:i'in'K in heijdii, sloo.l liori/tiuf.ilh , or -.vero rnUed n 
little above the horizon at noon on July Kth and 9th ; but by 
10 P.M. thoy had sunk down to between C8° and 90" beneath 
the horizon. When the same plants had grown to double 
the above height, their leaves stood at ni^ht almost or quite 
vertically dependont. The leaves on some largo plants of 
G. maritimum and JSrttzilense, which wore kept in a very badly 
lighted hot-house, only occasionally sank much downwards 
at night, and hardly enough to be called sleep. 

Oralis (Oxalidoa).— In most of the species in this large genus 
the three leaflets sink vertically Jtuvn at night; but as their 
silli-jioliolos urt! short I! it; lilmb.-i coulil mil. hamuli' this [ios:(inii 
from the want of space, unless tl.ey ivcve in some manner ren- 
dered narrower; and tl-.in is effected by their becoming more. 



Our, VII. 



SLEEP OF LEAVES. 



325 



close contact ; anil from this circumstance it might be thought 
that the object of tbo folding was the protection of their lower 
surfaces. If this had been tho caso, it would havo formed 
a strongly marked exception to the rule, that whon there is any 
difference in the degree of protection from radiation of the two 
surfaces of the leaves, it is always the upper surface which is 
the best protected, liut that the folding of the leaflets, and 
consequent mutual approximation of their lower surfaces, 
serves merely to allow them to sink down vertically, muy be 

Fig. 127. 



T 

A. B. 

O.wlis mcffwf/.i : .A, li-nf fmn freiti n'rl ii::illv aijuv.- ; B, diagram of leaf 
raliep, also soon v.Mf.ally above. 

inferred from tho fact that when the leaflets do not radiate 

plenty of room, from tho suVpeTioles not being very short, tho 
leaflets sink down without becoming folded. This occurs with 
tho leaflets of O. sensitiva, Pivmierii, and bujilei'rifulia. 

There is no use in giving a long list of tho many species 
which sloop in the above described manner. This holds good 
with species having rather fleshy leaves, like those of 0. cornon, 
or large leaves like those of 0. Ortrgexii, or four leaflets like 
those of 0. variabilis. There are, however, some species which 
show no signs of sleep, viz., 0. jKubiphylla, mnr/'phylla, hirla, 
and rubella. Wo will now describe the naturo of the movements 
in some of tho species. 

Oxalis ocrfowHa.— Tho movement of a leailot, together with 
that of tho main potiulo, are shown in the following dia- 
gram (Fig. 128), traced between 11 a.m. on Oclobcr 4th and 
7.45 a.m. on tho 5th. After 5.30 P.M. on the 4th tho leaflet sank 
rapidly, itnd at 7 r.si. dopended vertically. Fir some time 
beforo it assumed this latter position, its nuvcmer.tc could, of 
course, no longor bo traced on tho vertical glass, and the 
broken lino in tho diagram ought to be extended much further 
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following morning it hod 
risen considerably, and con- 
tinned to rise for the next 
hour; but, judging from 
other observations, it would 
soon have begun to fall again. 
Between 11 a.m. and 5.30 p.m. 
the leaflet moved at least four 
timeB up and four times 
down before the great noc- 
turnal fall coiiiiiniiii'ijd ; it 
reached its highest point at 
noon. Similar observations 
were made on two other 
leaflets, with nearly the same 
results. Sachs and Pfeffer 
have also described briefly * 
the autonomous movements 
of the leaves of this plant. 

On. another occasion the 
jiotiolo of a leaf was secured 
to a little stick close beneath 
the leafleta, and a filament 
tipped with a bead of sealing- 
wax was affiled to the mid- 
rib of one of them, and a 
mark was placed close behind. 
At 7 p.m., when the leafleta 
were asleep, the filament de- 
pended vertically down, and 
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Oialis atxl 

full-Sr.™ 

Uctiti t. 



• &ioha in 'Plnia.' ISG3, p. 170, 4c; Pfeff^i, 'Die Period. Bene- 
guugen," 4c, 1875, p. 53. 
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lives resemble those of tho Inat 
two leaflets (tho mam petioles of 
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■ome Tory young plnnis the rise did not commence until lata 
at night. We have seen that the cotyledons, instead of sink- 
ing like the leaflets, riso up H'rticiu.y at iiijiiit. 



ecous petioles. The leaflet which vtas 
observed was '55 inch in length, and 
was borne by a petiole 2 inches long 
and '3 inches broad. It may bu 
suspected that the leaflets are on the 
road to abortion or obliteration, os 
has actually occurred with those of 
nnotl.tr Brazilian sjiecies, O. rusci- 
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Aotrrhoa bilimbi (OzalidaV). — It has long beer, known,* firstly. 
Hint Hit: leaflets in i.hi- genus sleep ; -u ■diii! ly, timt they move 
sponianeously during the day ; ami thirdly, that they aru sensi- 
tive to n touch; but in none cf these respects do they diffei 
uiBCistiitllj- liom ihe species of Oxalis. Tl)t-y differ, however, as 
)lr. 1L I. Lynch t has hitely shown, in then spmtiineoua move- 
ments being strongly matted. In the case of A. bilimbi, it is n 
wonderful spectacle to behold on a warm sunny day the leaflet* 
one after the oilier sinking rapidly downwards, and again 
ascending slowly. Their inoMnin.'j:ts rival Ihoso of Dama/lium 
gg-ims. At night Ihe leaflets hang n-n ieally down, and now 

tig. I3i 



[hoy are motionless, but this may l>e duo to the opposite ones 
being pressed together (Fig. 133). The main potiolu is in con- 
stant movement during the day, but 11 0 careful observati on s wore 
made 011 it. The following diagrams are graphic representa- 
tions of the variations- ill I lie angle, which a given leaflet makes 
with the vertical. The observations were marie as follows 
Tbo plant growing in a pot was kept in a high tempera t tint, 
the petiole of the loaf to^ oliserved^pointing siraight at 
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through a small ring pointed ou the vertical glass, in a lina 

lu the following diagrams tho ordinate* represent the angles 
.vlurli the leaflet inadu witii the vwtirul at suecessivc instants,* 
1 1 follows that a fall in the curve represents an actual dropping 
of tho leaf, and that the zero line represents a vertically de- 
pendent jmsition. Fig. I'iS represents the nature of tho move- 
ments which occur in the evening, us sonn us the leaflets begin 

uf 85°. Shortly after (i r m. it hung vertically down, and had 
ii!tuine 1 its in)-;!U!'riiil ]i.is-i1i'iu. Ik'iwi-ni 6.10 and li.B5 r.si. it 
|ierfonucd a number of minute oscillations of about 2 3 each, 
occupying ])er!od« of 4 or 5 m. The complete slate of rest ol 
the leaflet which n II iiu iti ly inlluivpil is not shown in the dia- 
gram. It in nuinit'i-st limi i-x -li useilkition consists of a gradual 
rise, followed by a sudden fall. Each time the leaflet fell, it 
approached nearer to the nocturnal position than it did on the 
previous fall. The amplitude of the oscillations diminished, 
while I lie |n rim Is nf use: (I .\i in u inraen; shorter. 

in bright, sunshiuu tin? Iruflets assume a highly inclined de- 
jietUent position. A leaflet in diffused light wasohserved rising 
for i5 in. A blind wan then pulled up so that the plant was 
brightly illuminated (BR in Fig. 134), and within a minute it 
liegan to fill, and ultimately fell 47°, as shown in the diagram. 
This descent was performed by sis descending steps, precisely 
i-imilar to tin™ hv wjiicli the noctnrnal fall is effected. The 
plant was then ujiain shaded frill j, and a long slow rise occurred 
until another series of falls commenced at BIT, when the sun 
mus ajiain admit ed. In this experiment cool air was allowed 
ti enter by the windows being opened at the same time thai 
fie blinds were [lulled up, so that in spile of the sun shining 
3U the plant Hie temperature was not raised. 

The etfeet of nn increase of temperature in diffused light lfl 



* In all the •liagr.nua 1 mm. in 
Ibuh. iriii.nt.il iliiwtiiio vi-|iu;MMita 
one minute nf time. Eh oil mm. 
in thu vertical duration rr-|>n- 
■uQts one dugi'twof aa^iil.n inoiv- 



merit, tn Pies. 133 and 134 the 
temperature is represented (ubing 
t iu ordinate)) in the stole of i 
una In each 0I°O. In Pig. 
Iil3 etiph nun. i-innls «-2° F. 
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shown in Fig. 133. The temperature began to rise at 11.35 
a.m. (ill consequence of the fire being lighted), but by 12.42 a 
marked full hod occurred. It may be seta in the diagram that 
when the temperatute was highest there were rapid useillations 



Fig. I a*. 




A'errhoa iHlmbi; nmnilnr movement! of leaflet during a change from 
bright illumination to shnrlc ; leniperntur L > (broKcu line) remaining 
nearly the same. 

of small amplitude, the mean position of the leaflet lieing at the 
time nearer the vertical. When the temperature began to fall, 
the oscillation 8 became slower and larger.and the mean position 
of the leaf again appr.ndiifl the horizontal. The rate of oscil- 
lation was sometimes quicker than is represented ill the abava 
diagram. Tims, when the temperature was between 81" red 
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32° 0., 14 oscillations of a few degrees occurred in 19 m. On 
the other hand, an oscillation may be much slower ; thus a leaflol 
was observed {.temperature 2j" C.) to 
rise during 40 m. before it fell and Fi K- I3S - 

completed its oscillation. 

Porlierta hygrtnmtrka (Zygophyllcm) 
—The leaves of this plant (Chili. n 
form) are from 1 to li inches in length, 
and liour as many as IE or 17 small 
leaflets on each aide, which do not 
stand opposite ono another. They arc 
articulated to the petiole, and the 
petiole to the branch by a pulvimis. 
We must premise that apparently two 
forms arc con founded under the fume 
name: the leaves onabushfrom Chili, 
which was sent to us from Kow, bore 
many leaflets, whilst those on plants 
in the Botanic Garden at Wur/bnrg 
bore only 8 or 9 pairs ; and the whole 
character of the bushesappearedBomo- 
what different. Wo shall also see that 
they differ in a remarkable physio- 
logical peculiarity. On the Chilian 
plant the petioles of the younger leavos 
on upright branches, stood horizontally 
during the day, and at night sank 
down vertically so as to dopond parallel 
and close to the branch beneath. Tlio 
petioles of rather older loaves did not 
Ihvohk; jit nipht. vertically depi-e.^ed, 
1ml only highly innlhn'd. In one 
instance we found a branch which had /Wi ri-i iytrotiwtriai : 'ir- 
grown perpendicularly downwards, ? um ,| ,ut!lt ^™ ra *nJ i s „"/"'" 
and tlifl putiolason it moved in the came tMs'V'ielr, tnu'bl" ft™ 
direction relatively to tlio branch as 9.35 a.m. July ?th to 
just stated, and therefore moved up- « b j> ut midnight ? a f % il 
wards. On horizontal branches the ^ n f( .JJ" ,° ]0 T *eriicol 
younger petioles likewise move at night K iais. Temp, v.'^-m^v. 

in the same direction its More, thut is, 

towards the branch, aud are consequently then extended hori- 
zontally; but it is remarkable fti.tr the older petioles on the 
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same branch, though moving a little in the j-itn K direction, also 
Lend downwards ; they thus occupy a somewhat different posi- 
tion, relatively to the centre of the earth and to the branch, from 
tIijlI of the jii.-tio.o.H on thf upright i trail c hc«. With respect tii 
the Icatiets, they move at night towards the apex of the petiole 
mi lil their midribs stand nearly parallel to it ; and they then 
lie neatly imbricaled one over the itl.licr. Thus half of the upper 
surface of each leaflet is in close contact with half of the lower 
surface of the one next in advance; and all the leaflets, except- 
ing the basal one;!, have the wbli; n! their upper surfaces and 
half of their lower surfaces well protected. Those on the oppo- 
site sides of the same petiole do not come into close contact 
at night, as occurs will) the leallcts of so many Leguminosa), 
but are separated by an open furrow; nor could they exactly 
coincide, as they stand alternately with respect to one another. 

The cirenmnntation of the petiole of a leaf 1 of an inch in 
length, cm an uptight branch, was observed during b(i h., 
noil is NhuWii in I hi.; lirccediiii: diagram (Fig. 13ii). On the 
first morning, the leaf fell a little and then rose until 1 p.m , 
and this was probably due to its being now illuminated through 
a skylight from above; it then circmnnutated on a very small 
scale round the same spot until about i p.m., when the great 
evoning fall common ri-d. During trio la iter part of the night or 
very early on the next morning the leaf rose again. On the 

doubt is its normal habit. From 1 to 4 P.M. it rose in a zigzag 
line, and noon afterwards the groat overling fall c online need. It 
lii us wniipU:tu;i u double osci.lutiuti during tlie lil h. 

Tim spii'iiir nana: given so this plant liy Huiz mid Pa von, indi- 
cates that in ils native arid home it is affected in some maimer 
by the dn ness or dampness of the atmosphere.* In the Botanic 
Garden at Wflrzbuig, there was a plant in a pot out of doora 
which was daily watriM:!, and another i:i the open ground which 
was never watered. After Bomo hot and dry weather there was 
a great ditliivi'.re in tin: state of tlm leuituts on these two plants; 
those on the nil watered plaui in the open ground remaining half, 



• ■Syfitema Veg. Flnria Feru- 

1708. We cwnet understand tile 
aeuount given by the authors of 
the belmviuu.' of this plant in its 
native home Theio is much 



about its pnwer of foretelling 
changes in the weather; ami it 
appe.m as if the brightness of the 
shy largely d, turmitiei tii'i open- 
ing mul oloiing of the lea dots. 
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or even quiir, cIdh'iI ilnrinr, tl:i' ■. Iji y llul lnij;s (ml from tlri* 
hush, with their ends standing ill water, or wholly immersed in 
it, or kept in dump air under a bell-glass, opuned their leaves 
though exposed to a blazing s'.ui ; whilst those on the plant 
in the ground remained dosed. X'lic leaves on this sumo plant, 
niter some heavy ruin, remained open for two days; they then 
became half closed duriug two days, and after an additional 
day were qai'e tlusn L This plmil was nuw copiously watered, 
and on the following morning the leaflets were fully ex- 
panded. The other plant growing in a pot, after having been 
exposed to he.vy rain, was p'.aotii hoturo a window in the Labo- 
ratory, with its leufle-ls ojjfii, and they remained so during the 
daytime for 48 h.; hut after an additional day were half closed. 
The plunt was then watered, and the leaflets on the two following 
days remained open. On the (bird day liiey were a^ain half 
elosod, but on being again watered remained open during the 
two next days. From the™ several tacts we may conclude that 
the plant soon feel- tlx: want, of water; and that as soon as this 
occurs, it partially or quite eloses its leaflets, which in their 
then imbricated condition expose it small surface to evaporation. 

occurs only when the ground is dry, i.s an adaptation against 



It was tboroforo moderately watered, as well as syringed, late in 
theevening. On the- next morning (30th) the bush looked as fresh 
as ever, and at night the leaves went to sleep. It may he added 
that a small branch while growing on the bush was enclosed, 
by means of a curtain of bladder, during days in a large 
hottlo half full ofoiiiekiiii-o, so that t.lienir within must h; 
intensely dry ; yet the leaves on this branch did not sufforin 
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least, and did not closo at till during tho hottest days. Anothci 
trial was made with the same bush on August '2ai andGth (the soil 
appearing at this latter date extremely dry), for it was exposed 
out of doors during the whole day to the wind, but the leaflets 
showed no signs of closing. The Chilian form therefore differs 
widely from the one at Wurzbnrg, in not closing its leaflets 
when suffering from the want of water; and it can live fur a 
surprisingly long time without water. 

Tropamlum mijus (?) (cultivated Tar.) (Tropajolefe). — Several 
plants in pots stood in tho greenhouse, and the blades of 
the leaves which fn^ed the front-lights were during the day 
highly inclined and at night vertical; whilst the leaves on 
tho back of 'the pols, though of course illuminated through 
the roof, did not become vertical at night. We thought, at first, 
that this dffcreneo in their positions was in some manner 
duo to heliotropism, for tho leaves are highly hcliotropic The 
true explanaiiou, however, is that unless they are well illu- 
minated during at least a part of the day they do not sleep at 
night; and a little difference in the degree of illumination deter- 
mines whether or not they shall become vertical at night. We 
have observed no other so well-marked a ease as this, of the 
influence of previous illumination ou nyetitropie movements. 
Tho leaves present also another peculiarity in their habit of 
rising or awaking in the morning, being more strongly fixed or 
inherited than that of sinking or sleeping ai night. The move- 
ments are caused by the bending of uu upper part of the petiole, 
between i and 1 inch in length ; but the part close to tho blade, 
for about I of an inch in length, does not bend and always 
remains at right angles to the blade. The tending portion docs 
not present any external or internal difference in structure 
from tho rest of the petiole. We will now give the experiments 
on which the above eon elusions are founded. 

A large pot with several plants was brought on tho morning 
of Sept. 3rd out of the greenhouse and placed before a north-east 
window, in tho same position as before with respect to tho light, 
as far as that was possible. On tho front of tho plants, '24 leaves 
were marked with thread, some of which had their blades hori- 
zontal, hut the greater number were inclined at about 45°, 
beneath the horizon; at night all these, without exception, 
became vertical. Early on the following morning (4th) they 
rcoBsumod tlmir formor positions, and at night again became 
vertical. On the 5th the shutters were oj«;ued at b'.15 A.M.. and 




.-;s Ki.v or lkavus. 



a very fow of them became vertical, and this was the one in- 
stance in which no obwrvcd miy inlu'-riti-d tendency or habit in 
this plant to sleep at the proper time. That it was real sleep 
was shown by these Mine leaves reassuniiiig their dmrnnl posi- 
tion mi the followiiii: niomhig (tl)iii) M-iiiliit. siill k-:-|i; in tin; 
dark. 

The pot was then (9.45 a.m. 10th) replaeed, after having been 
kept for 3G h. in darkness, before the north-east window; and at 
night the blinks of nil the leaves (excepting a few on the liack of 
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whilst soma, but rot ninny, of those which had formerly stood 
faring the buck of the room and which had never before been 
well illuminated or gone to sleep, now resumed a vertical posi- 
tion at night. On the next day (12th) the plant was turned 
round into its original posision, su tli;il the s.i-i le leaves raced 
Iho light as formerly, and these now went to sleep in the usual 
manner. Wo will only mid Unit with some young seedlings 
kept in the greeniiMns'.', thw blades of tin.- lirst pair of truo leaves 
(the cotyledons being hypogcan) stood during the day almost 
horizontally and at night almost vertically. 

A few observations were snleequently made on the eircum- 
un tat inn of three Imvfs, wliil.it. f;u'ii;g n mirth-ens! window ; hut 
the tracings are not given, as the leaves moved somewhat 
towards the light. It was, however, manifest that they roso 
and fell more than once during tho daytime, the ascending and 
descending lines licing in parts extremely zigzag. The nocturnal 
fall eornTiu'iu'i'il about 7 p.m., and the Uavi s had risen consider- 
ably by G.4f< a.m. ■ »ti ilu: fi.il luwin g morning. 

I. ■ •/iimi '„,)«!-. — Tin.'. Family jncluili'S Tunny niiirti n'rura villi 
sleeping species than all the other families put together. The 
number of the tribes to whirl: ea:-h (.thus belongs, according to 
Ik nilmm ism ) Hooker's arrangement, has been added. 



up vertically at night and press against the s'ein. 

Lupinus (Trilns 2) — The juihuate or digitate leaves of the 
species in this large genus A<i-\> in three different manners. 
One of the simplest, is that all the leaflets become steeply in- 
clined downwards at night, having boon during the day ex- 
tended horizontally. This is shown in the accompanying 
figures <Fig. 137), of a loaf of L. pilutus, an seen during the 
day from vertically above, and of another leaf asleep with the 
leaflets inclined downwards. As in this position they are 
crowded together, and as they do not become folded like those 
in the genus Osalis, they cannot occupy a vertically dependent 
position ; but they arc often inclined it an angle of oiP beura-.ii 
tho-horizon. In (his species, whilst the leaflets are sinking, 
the petioles rise up, in two instances when the angles were 
measured to the extent of 23 d . The leaflets of /.. sub-carnosui and 
arboreus, which Were horizontal during the day, sank down, at 
night in nearly the same manner ; the former to an angle of 38', 
and the latter of 30", beneath the horizon; but their pcticles 
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did not more in any plainly perceptible degree. It is, hawover, 
quite possible, aa we shall presently see, that if a largo number 
of plants of the three foregoing and of tho following speeha 




Lui-i/IVS pi'h:U.' : A. [■■lit >i:nn fli 1:1 vi:Tl l":q I ] v .-.]h..vi' in .bytims ; It, lea' 
flslee[i, meb late rally at nig lit. 

were to bo observed at all seasons, some of the leaves would lie 
found to sleep in a different rammer. 

In the two following species tin; leaflets, instead of moving 



a small extent, viz., in three ins'anccs by 2°, G°, and 9" 30\ 
Owing to this movement of the petioles, the outer and longer 
leaflets have to bend up a little more than tho shorter and inner 
ones, in ordor that all should stand symmetrically at night. 
We shall presently see that some leaves on the same individual 
plants of /.. Iiiteim sleep in ;i wry ditf Tt-tit, manner. 

We now come lo a remarkable position of the leaves 
ivhon asleep, which is common to several species of Lupines. 
On tho same leaf the shorter leaflets, which generally face tho 
centre of tho plant, sink at night, whilst tho longer ones 
on tho opposite side rise; tho intermediate and lateral ones 
merely twisting on their own axes. Dut there is some variability 
with respect to which leaflets rise or fall. As might have been 
expected frjhi Eiicli diverse and complicated movements, the 
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base of each leaflet is dovelopod (at least in the caso of L. Zulfta) 
into a pulvinus. The result is tbat all the leaflets on the 
same leaf stand at night more or less highly inclined, or even 
quite vertically, forming in this IjiIIit case n vertical star. This 
occars with the leaves of a sp^'ics purchased under the nam') of 



Fig. 138 




P at eight; C, another lent' with the leaflet funning a vertical star at 
night, t'iguret reduced. 



/.pulses; and in the at™ mviiii! fibres we see at A (Tig. 

138) the leaves ill their diurnal position ; and at B the samo 
plant at night with the two upper leaves having thoir leaflets 

with tho leaflets quite vertical. It is chiefly or exclusively the 
youngest leaves wlm;!i form at night vertical stars. Iiut there 



pinus; several, namely, L. jn.hi)>kyl!i'.s 
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and albi/roni, though observed out of doors and in the green- 
house, did not cliiiiij;!: the position of their leaves sufficiently si 

liiflllt 10 1(5 Ellill (0 tlfop. l'VOHl obfC!'Viltio[!H mailt! on two 

sJci pint: species, it. appears that, as with T. ";nr, '11:11 Mrr/i<-.=. 1 ! 10 
leave;; inns be well ilium Dialed diiiip". the day in aivh t to --!i:.p 
at night. For several plants, kept all day in a sitting-room 
Willi north-east windows, did t:ot *lecp at irisjht: but when the 
[lots were plaerd on ihe following nay cut of doors, and were 
brought in at night, fluty stop! in the usual manner. The trial 
was repeated ou the following day and night with the same 

Some observations were made on the circtimnutntion of the 
leaves of and arb rent. It will suffice to say that the 

leaflets of tno latter exhibited a double nseifiauoit it! the course 
of *J4h.; for they fell from the early morning until 1015a.m„ 
thou rose and zi(.v.;i-_'f;i il [maily tid 1 v.v , alter which hour tha 
great nocturnal fad commenced. By 8 a.m. on the following 
morning the leaflets hail risen to their proper height. Vie have 
seen in the fourth chapter, that the leaves of l.uplnut ipKiostm, 
which do nut shop, riivunmutiite to an raordinary extent, 
making many ellipses in the course of the day. 

Cytiaa (Tribe 2), Trigontlla and Mettieage (Tribe 3).— Only 



Fig. 139. 




A. B. 
Medwago manna | A. leave, daring the iar ; It, !t»ve> aslwp »t night. 

a few observations were mode on these three genera. The 
petioles on n yoiin;; p'ant, about a foul in height, of 6V1™ 
fragrant rose at night, on one occasion 23° and on another 83°. 
The three leaflets uIbj Lend upwards, and at- the same time 
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approach each other, so that the base of the central leaflet 
overlaps the bases of the two lateral leaflets. The}' bend 
up so much that the; press against the stem; and. on looking 
down on ono of these ^oim^ plants from vertically atjove, the 
lower surfaces of the leaflets are visible; mul thus their upper 
surfaces, in accordance with t.bi' j'Xiiier.il v u 1 1 ■ , :ire best protected 
from radiation. Whilst the leaves on these young planfs were 

It night G ' ' 
T.igonella Oreliea resembles ft Molilotns in its sleep, which will 
he immediate!;" described. According to M. Iloyer," the leaves 
of Mcdbnijn UHioihita rise up at night, and "se rcnver?ont mi 
jir.u lit; !ii;ini<''i:.' a prcseiitiT ob:L'|i;caicn: ;iu rid liinr face in- 
ferioiire." A drawiiiL- is hurt siiveii (I'iit- KW) of it if; li-uvrs 

for Oythusfragrans in the Same two states. 
MdUotus (Tribe 3). -The species in this gcniis sleep in a 

r- r„.,rl |i I- iii- r It,. ■•. I. i,rt-u .r I, .. »t i-...-. i'.r 

an angle of 90", so that their blades stand vertically at night 
with one lateral edge presented to the zenith (Pig. 140). 1 We 
shall best understand the other and more complicated move- 
ments, if wo imagine ourselves always to hold the leaf with the 
fi|> of the terminal leu'let puinfed to the north. The leaflets in 
becoming vertical at night could of course twist so that their 
upper surfaces should face to either side; but the two lateral 
leaflets alwn\s twisl so lhal ihis surfaec ti*:»ls to fan! tliK north, 
but as they move at the same time towards the terminal leaflet, 
the upper surfaei of the quo faces about N.N.W., and that of 
the other N.N.E. The terminal leaflet behaves differently, for 
it twists to either side, the upper surface facing sometimes east 

the wh><lc leaflet \n-iv\is to ohm fiib.-, jiih! iinarin'ily (o the side 
towards which the nppor surface is directed; so that if this 
fiurliire s':Leos '.he west the whole, leaflet bends to the west, until 
incomes into contact with the upper and vertical surface of 
the western lateral lealle'. Tims the upper surface of the 
terminal and of oae of the two lateral leaflets is Woll protected. 
The fact of the turruiittU leallet t wi-ifiiiLr indifferently to either 
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Bide and afterwards bendiDg to tho same side, seemed to us so 
remarkable, that we endeavoured to discover the cause. We 
imagined that at the coimnen cement of tho tnorament it might 
ue determined by one of tho two halves of the leaflet being 
a little heavier than the other. Therefore bits of wood were 
gnmrae | „ n ond side of several leaflets, but this produced no 
effect; and they continued to twist in the same direction as 




A. -i'lring the daytime. B, another leaf asleep. 
11 viewed from vertically nbnvs ; but i " " 
liJ nut happen to be iu auch close ci 



they had previously done. In order to discover whether the 
wime leaflet twisted permanently in tho same direction, black 
threads were tied to 20 leaves, tho terminal leaflets of which 
twisted bo that their upper surfaces faced west, and 14 white 
tlirtTids to lea Hois which twisted to the cast. These were ob- 
served occasionally during 14 days, and they all continued, with 
a single oicaption, to twist and bond in the same direction; for 
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one leaflet, which ha-i orieinally faeed east, was observed after 
S) days to faea west. The veaf uf both (he twisting and Winding 
movement is in (lie |>;ilvinuf= of (ho sub- petioles. 

We believe that the leaflets, espr-entlly the two lateral ones, 
in performing tho above described complicated movements 
generally bend a little downwards ; but we are not sura of this, 
fur, as far as (he main pel bin is concerned, its nocturnal move- 
ment is largely determined hy the jHisition which the leaf 
happens to occupy during the day. Thus one main petiole was 
observed to rise at ni^lit iiP, whilst three olhers rose only 7° 
and U°. The petioles and anb-petioles are continually circum- 
nutating during the whole 21 h ., ns wo shall presently see. 

Tilts leaves uf (lie following 15 spede?;, .1/. i;jV^>.w7v* "'''■<'<'?<' as, 
parvijlora, albti, iiifeslu, dinUPi, gracilis, sulcata, elegans, carulea, 
petilpierreaiia, macrorrhiza, Ibilica, secundijlora, and Taxtrica, 
Bleep in nearly the same manner as just doscribed; bnt the 
bending to one sido of the terminal leaflet is apt to fail unless 
the plants are growing vigorously. With M. pelilpi^rreni-a and 
&nr<,<iijlort: the temiual loal'ei was raiely seen to bend to one 
side. In young plants of ,1/. Ilalka it bent in the usual manner, 
but with old (limits in full flower, crowin™ in the Maine put and 
observed at tie suinc hour, viz., fc.su r.si., none of tho torrainal 
leaflets en several scores of liavis had bent to ono side, though 
they stood vertically; nor mil- i the. hm lateral leaflets, though 
standing vertically, moved towards the terminal one. At 
10SU p.m., and again one hour after midnight, the terminal 
leaflets bad l*ro:ne very Uisrlifly bent En one .side, mid the 
literal leaflets had moi'ed ;t very iiiile towards the terminal one, 
so that the position of the leaflets even at this late hour was far 
from the ordinary one. Again, with M. Taurita the terminal 
leaflets were in ver s. en t<s l-end towards oitSic-r uf (lie two lateral 
lea Nets, inoogh Ihrse, whilst beHiudns: \eri;ral, had IjCuI Inwards 
the terminal one. The suh-petiole of the terminal leaflet in 
this species is of unusual iejijjth, and if the leaflet bud bent to 
ono side, its upper surface could have come into contact only 
with the a]>ex of either lateral leallet; anil this, perhaps, is tho 
meaning of the loss of the lateral movement. 

The cotyledons do noi sleei' at night. The first leaf consists of 
a single orbicular l.allet, which twists at night so that the blade 
stands vertically. It is a remarkable fact that with M. Taurica, 
and in a somewhat less degree with M. trmcrorrhixa and jted't- 
picrntti,a, all the nn.iiv small ai:d young leaves produced during 
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the early spring from shoots on some cut-down plants in the 
greenhouse, slept in a kitallj different manner from the normal 
one ; for the throe leaflets, instead of twisting on their own axes 
so as to present their lateral elites to the zenith, turned upwards 
and stood vertically with their apices pointing to the zenith. 
They Urns assumed nearly the same position as in the allied 
genus Trifolium; and on the same principle that cmbrydlogicnl 
characters reveal the lines of descent in the animal kingdom, so 
tho movements of the small leaves in the above three species of 
Melilotus, perhaps indicate that this genus is descended from 
a form which was closely allied to and slept like a Trifolium. 
Moreover, there is one species, jlf. mfvantntii, tho leaves of 
which, on full-grown plants between 2 and 3 feet in height, 
sleep like the foregoing small leaves and like those of a Trifolium. 
We were so much surprised at this laltcr case that, until the 
flowers and fruit were examined, we thought that the seeds of 
some Trifolium had been sown by mistake instead of those of a 
Melilotus. it ap| hus therefore piolublc thut il, messanrnsa 
has either retained or recovored a primordial habit. 

The circumnntation of a leaf of M. ojjUinali* was traced, 
tho stem being left free; and the apex of the terminal leaflet 
described three laterally extended ellipses, l>ctween 8a.m. and 
4 p.m.; after the latter hour the nocturnal twisting movement 
commenced. It was afterwards ascertained that tho ottove 
movement was compounded of the circumnntation of tho stem 
ou a small scale, of the main ]>etiolo which moved most, and of 
tho sub-petiole of tho terminal leaflet. Tho main petiole of a 
leaf having lieon Becured io a stick, elost- to the base of the sub- 
petiole of Ihe terminal leaflet, the latter described two small 
ellipses between 10.30 a.m., and 2 p.m. At 7.15 p.m., after this 
same leaflet (as woll ns another) had twisted themselves into 
their vortical nocturnal position, they l*>e;an to rise slowly, and 
continued to do so until 10.35 p.m., nfter which hour they were 
no longer observed. 

As M. nutisiinensis sleeps in an anomalous manner, unlike that 
of any other species in the genus, the circumnntation of a 
terminal leaflet, with the stem seen red, was traced during two 
days. On each nionitni; the lenflet. fell, until about noon, and 
then licgan to rise very slowly ; but nn the first day tho rising 
movement was interrupted between 1 and 3 p.m. by the formation 
of a laterally extended ellipse, and on the second day, at the 
muo time, by two smaller ellipses. The rising movement theB 
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recommenced, and In came rapid lute in the evening, when 
the leaflet was beginning to go to sleep. The awaking or 
6inking movement had already commenced by 6.45 a.h on both 
mornings. 

Trifolium (Tribe 3).— The nyctitropic movements of 11 
species wore observed, and were found to lie closely, similar. If 
wo select a leaf of T. r,/v.„s lni.vh];r an upright letiole, and with 
the three leaflets espaodird lnH-iznn tally, the two lateral leaflets 
will be seen in the evening to twist und approach each other, 
until tlieir upper surfaces come tutu contact. At the same timo 
they hend downwards in a plane at, riitht angles to lliat of their 
former position, until tlioit midribs form an angle of about 45° 
with the upper part of the petiole. This peculiar change of 
position requires a considerable amount of torsion in the pul- 
viniiB. The terminal leaflet merely rises tip without any twist* 



Fig. 141. 




A. IS. 



tYifolitm rvpoui A, leaf during the day ; B, leaf nslcep at night. 

ine, and bends over until it rests on and forms a roof over the 
edges of tire now vertical and united lateral leaflets. Thus the 
terminal leaflet always passes through an angle of at ieast 90°, 
generally of 130° or 140", and not rarely— as was often observed 
with T. s"btcrraiW"ni—ot 180'. Tn tin's latter case the terminal 
leaflet stands at night horizontally (as in Fig. 141), with its 
lower surface fully cxiflffil :o the zi-uilli. Ifcsidcs tho differcrit'e 
in the angles, at which the terminal leaflets stand at night in 
Hit' individuals of the same sper-ies, the decree to whirl) the 
lateral leaflets approach each other often likewise differs. 

We have seen that the cotyledons of some species and not of 
others rise up vertically at nipht. The first truo leaf is generally 
miifoliatc and orbicular; it always rises, nud either stands verti- 
cally at night or inni-ijcdtrinotilj Umtl:' a liil'e over so as to nspriso 
the lower surface obliquely to Hie ?.enit!i, in (h« same manner 
as dix-s the terminal leaflet of the mature leaf. But it does not 
twist itself like the corresponding first simple leaf of Melikitus. 
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With T. Fannrniicum the first trnc leaf was generally onifoliate, 
but sometimes trifoliate, or again partially lobed anil in an 
intermediate condition. 

Circumnulali;n.— Siidis drscrilicrl is) ISC.3* the spontaneous 
up and down movements of the leaflets of T. inairnalum, when 
kept in darkness. FfefTer rnn.de muny olwervations on the 
similar movements in T. p™/en«e.t He states that tho terminal 
leaflet of this species, observed at different times, passed through 
angles of from 30° to 12Q" in the course of from IS to 4h. We 
observed the movements of T. svbltrraneum, resupinatum, and 

Vn/.Ji;™ s"bUrrane«m.—k petiole was secured close to the 
base of the three leaflets, and the movement of the terminal 
leaflet was traced during 2G4 h., as shown in tho figure on tho 
next page 

Between 6,45 a.m. and 6 p.m. the a|«x moved 3 times rip 
and 3 times down, completing 3 ellipses in 11 h. 15 m. The 
ascending and rle-reit:lim.' iiiu-s stand nearer to one another 
than is usual with most plants, yet there was some lateral 
motion. At 6 v.n. tlie gre.it nocturnal rise commenced, and 
on the next morning the sinking of the leaflet was continued 
until 8.3U A.M., alter which hour it ci renin nu rritetl in the maimer 
just described. In the figure the great nocturnal rise and 
the morning fall are greatly. ablucVNited, from the want o( 
space, and arc uieivly repiesvnti'il by a short curved line. The 
leaflet stood horizontally when nt a jnint a little beneath the 
middle of the diagram; so that during the daytime it oscillated 
almost equally above and beneath a horizontal position. At 
8.30 a.m. it stood 48" beneath the horizon, and by 11. SO a.m. it 
had risen 50° aliove the horizon ; so that it passed through 98° 
in 3 h. By the aid uf the tracing wo ascertained that the 
distance travelled in the 3 h. by the apex of tins leaflet was 
1-03 inch. If wo look at the figure, and prolong upwards in 
our mind's oyo tho short curved broken lino, which repre- 
sents tho nocturnal course, wo seo that the latter movement is 
merely an ejn^gcratinii or pro'ongation of one of the diurnal 
Ollipsus. The same leaflet had been observed on the previous 
day, and the rourso then pursued was almost identically the 
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fourth chapter that the 



tented in fig. 113 is : 
pounded one We 
to observe the moTi 
of a leaf kept duri: 



tried 



toward* 1 



Tri/aHum Trpcm.— A stem was secured close to the base of 
a moderately old leaf, and the movement of the terminal leaflet 
was observed during two days. This ease is interesting solely 
from the simplicity of the movements, in contrast with those of 
the two preceding sjiccies. On the first day the leaflet fell 
between 8 i.a. and 3 P.M., and on the second between 7 ajk. 
and 1 P.M. On loth days the deset Tiding course was somewhat 
stigzag, and this cvideiiily represents the ciivn emulating move- 
ment of the two previous species during the middle of the day. 
After 1 p.m., Oct. 1st (Pig. 144), the leaflet began to rise, but 
the movement was slow on both days, both before and after 
this hour, until 4 p.m. The rapid evening and nocturnal rise 
then commenced. Thus in this species the course during 124 h. 
consists of a single great ellipse; in T. rcsupiiiatum of two 
ellipses, one of which includes the nocturnal movement and is 
much elongated; and in 7'. subtcrrawm of three ellipses, of 
which the nocturnal one is likewise of great length. 

Sectirigern roromlla (Tribe 4).— The leaflets, which stand 
opposite- e:ie another and aro numerous, lise up at night, come 
into close contact, and bond backwards at a moderate angi* 
towards the base of the petiole. 
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Fig. 144. 



I.ot-i (Tribe 4).— The nycti tropic movements of 10 specie* 
in this genus wore observed, ami found to be the same. The 
main petiole rises a little at night, and 
tlia three leaflets rise till they become 
vortical, and at the same time approach 
each other. This was conspicuous with 
J,. Jacobaus, in which tho leaflets are 
almost linear. In most of the species 
the leaflets rise so much as to press 
against tho stem, and not rarely they 
become inclined a little inwards with 
their lower surfaces exposed obliquely 
to the zenith. This was clearly the 
case with L. major, us its potioles are 
unusually long.and the leaflet are thus 
enabled to bend farther inwards. The 
young leaves on the summits of the 
stems close up at night so much, as 
often to resemble large buds. Tiro 
stipule-like leaflets, which ate often el" 
large size, rise up like the other leaflets, 
and press apiinst the stem ('Fig. 145). 
All the leaflets of L. Qebelii, and pro- 
bably of the other species, are provided 
at their bases with distinct pulvini, of 
a yellowish colour, and formed of very jj.,-*,;; 
small cells. The circumnutation of a nut; 
terminal leaflet of h. p:ehjri<iu» (with 
the bIcju secured) was traced during 
two days, but the movement was so 
simple that it is not worth wliile to 
give tho diagram. Tho leaflet fell 
slowly from tho early morning till 
aliont 1 P.M. It then rose gradually 
ni livst, bni ra;,idiy bile in I he ininii:. 
It occasionally stood still for about 20 ni. during the day, and 
sometimes zigzagged a little. The movement of one of the 
basal, stipule-like leaflets was likewise traced in tho same 
manner and at tho same iimo, and its course was closely similar 
to ihal of (he luminal leaflet. 

In Tribe 5 of TSentham and Hooker, the sleep-movements 
of species in IS! genera have been observed by ourselves and 




md. nyctilropic 
movements of a DWtlt 
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others, but only in fiobim'a with any ciro. i'saralea acaulit 
raises its three leaflets at night; whilst Amarpha /rnticesu* 
Dalai aloptvuroidet, nnd Jirligofera tirictaria depress them. 
Duohartro t states that Ttphrosia earifciu is the sole oiample 
if " foliolcs coucliecB lo lung du petiole et vera la base;" but a 

Fig. 145. 



A. B. 
lo(m C (Kens: A. st.'tn with l.avK :iw:ike iltirini; the iUy ; li, with teiivei 
::,],:, V nl ni-iit. S.S, -.th:i;li--l:ko LcalkH. 

similar movement occurs, as we have already seen, and shall 
again see in other cases. II (star/a Sinenais, according to 
Royer.I " abaisso les toiioles qui par uno disposition bizarre 
sont inclinees dans la mOme fouille, les superieuros vers le 



* Duclim te, ' Klc'mctita do J 'Ami. Job SnciiL-cs, Nats, 
13 .i.iti iiin -. IS67, p. S4'J. But.' 15th serwa), il. 1B08. 

t Ibid., p. ai?. 
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BOnmiot., It s i morion res vers In l>ase da petiole couimun ; " but 
the leaflets on a young plant observed by us in the green- 
house merely sank vertically downwards at night. The leaflets 
ure raised iu Sphvivjihi/Hi mhnia, Cvlutt-a urbuna, and J.-Vr;- 
yalus uliyinosus, but are depressed, according to Linnams, in 
iJhicyrrhha. The leaflets of Itvbi.-tiu jis piio-aimra likewise- sink 
vertically down at night, but the petioles rise a little, viz., in 
mi..! cnsii and in anm.her 4". Tin: cirenm nutating move- 
ments of a (erniinal leaflet on a rather old leaf were traced 
during two days, and were simple. The leaflet fell slowly, in a 
slightly zigzag hue, from 8 a.h. to 5 p.m., and then mora 
rapidly ; by 7 a.m. an the t'jlluiviiis; moniioi; it had risen to its 
diurnal position. There was only one peculiarity in the move- 
ment, namely, that on both days there was a distinct though 
email oscillation up and down between aiit) and 10 a.m., and 
this would probably have been more Btrongly pronounced if 
the leaf had been younger. 

Coronilla rosea (Tribe 6).— The leaves bear 9 or 10 pairs of 
opposite leaflets, which during the day stand horizontally, with 
Fig. MB. 




Cnroiiilfo iwn.- leaf sileep. 



their midribs at right angles to the petiole. At night they rise 
up, so that the opposite leaflets come, nearly into contact, and 
those on tho younger leaves into close con trot. At the same 
time they bend had; towards the base o: the petiole, until their 
midribs form with it angles of from 40° fu 50° in a vertical 
plane, as hero fii-uml (Fip, 14G). The leaflets, however, some- 
times bend to much back that their midribs become parallel to 
and lie on the petiole. They thus occupy a reversed position 

to what they do in several Leguminosio, for inslance, in Mimosa 
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pudira ; but, from standing further apart, tlmy do not over'ap 
one another neaily so nmdi ;is in (his iatie.r plan!. The main 
petiole is curved slightly downwards during the day, lint 
straightens itself at night. In three cases it rose from 3° above 
the horizon at noon, to 9" at 10 p.m. ; from 11° io 33° ; and from 
5° to 33°— tho amount of angular movement in Ihia latter case 
amounting to 2o°. In several oilier species of Coronilla the 
leath-ls slumed only feeble moMrinents of a .simitar kind. 

Utalysitrmu (.wdi.nci'im (Tribe G;.- Tin- mtiall lateral leaflets 
on plants growing out of dour.s rosu sip vci tieally at night, but 
the hirgu terminal one became only moderately inclined. The 
petioles apparently did not rise at all. 

■Siiull.ia I'/uii'Ui (Tribe G).— The leaflets rise up vertically, 
and the main petiole also rim s considerably. 

Arachit hyp-gam (Tril* $).— The shape of a leaf, with its two 
pairs of leaflets, is shown at A (Fig. 147); and a leaf asleep. 



Fig. 147. 




jSriloV.v . J !''/M.7.rrJ : A. I'-.'lf ill- rin? the i!ir, limn K rtic.'.l lv flbovs ■ li, 
lenf asleep, Men Intently ; copied from a photogv iph. Figure! ninth 

traced from a photograph (made hy tha aid of aluminium 
light), is given at B. The two terminal leaflets twist round ai 
night until their blades stand vertically, and approach each 
other ontil they meet, at the Rune time moving a littlo upwards 
unit backwards. The two lateral [(-allots- n:oet each other in the 
same manner, but movo to a greater extent forwards, that is, in 
a. contrary direction to Uio two leraiinal leaflets, which they 
partially embrace. Thus all lour :e.'ifV\4 r'urin ti^.-lher a single, 
packet, with their edge* directed I" the zenith, and with their 
lower surfaces turned outwards. On a plant which was not 
growing vigorously the closed leaflets seemed too heavy for the 



Chap. VIL SLEEP OF LEAVES. 



petioles So support them it) a Vi'vtien.! position, so that each 
night the main petiole became twisted, and all the packets were 
extended horizontally, with the lower surfaces of tlio leaflets on 
one side dh-ected to the zenith in a most anomalous manner. 
This fact is mentioned solely as a caution, as it surprised us 
greatly, until we discovered that it was an anojaaly. The 
petioles are inclined upward* tlumi;: the di'.y, but sink at nijilit, 
to as to stMirt at about ri^it au-les with the stem. The (uiiount 
of sinkiDg was mensural only on one ocension, and found t;j Ins 
39°. A petiole was secured to a stick at the base of the two 
tormina! leaflets, and the einiiuiimititiii^ movement of one of 
these leaflets was traced from 6.40 a.m. to 10.40 p.h., the plant 
being illuminated from above. The temperature was 17°— 171° C, 
and therefore rather too low. During the 16 h. the leaflet moved 
thrice w> ami thrice down, ami us the aiding ami de.t-end- 
im: lino; did not t (n:iriiti>, three ellipses wore formed. 

Dasmvdium gyrans (Tribe 6). — A large and full-grown leaf of 
this plant, so famous for the spontaneous 
iDOToments of the two little lateral leaflets, Fig. 148. 
is here represented (Pig. 148). The large 
terminal leiilol steps by sinking vertically 
down, whilst iho petiole riser, up, The coly- 
ledous do not sleep, but the first-formed leaf 
sleeps equally well as the older ones. The 
appearance presented by a sleeping branch 
and one in the day-time, copied from two 
photographs, are shown at A and B {Fig. 
149), and we see how at night the loaves are 
crowded together, as if for mutual pro- 
tection, by the rising of the petioles. The 
petioles of tho younger leaves near the sum- 
mits of tho shoots rise up at night, so ns to 
stand vertical and parallel to the stem ; 
whilst those on tho sides were found in four 
cases to have risen respectively 461°, 8'i 0 , Slsmodiani!ynln3 . 
20', and 19 -5 s above the inclined positions ] es f seen from 
which they had occupied during the day. at»vc, rtduw! 
For instance, in the first of these four cases }°, The 
tho petiole stood in tho day at 23°, and at mhiiite itipoki 
night at 69i° above the horizon. In the anusi.dlv l»rg« 
evutiing the visiiiy of t ho yietioles is almost 
completed before the leaflels sink perpendicularly downwards. 
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CiTCumnUtatiiin. — The cnrumnutatiiig movements of four 
young shoots were olwtrvcii liming 5 h. 15m. ; anil in this time 
each completed he oval liguro of small size. The uiain petiole 
also eitcmunutates rapidly, for in tho course of 31 in. (temp, 
91" F.) it changed its emirse !>yns miidi as a rectangle sis times, 
deseiibiug a ligure wliieh apparently, represented two ellipses. 




a. a 

ZteBnorfiNm ggrani; A. sloin during the inv ( B, stem with leaves asieap. 
Coule'l from ,r [ili.i'.n;r.i|iii ; fiijiires rtdnnnl. 



The movomont of tho terminal leaflet by means of its sub- 
petiolo or pulviuns is quite as rapid, or oven more bo, than that 
of the main petiole, and has much jrrcater amplitude. Pfeffer 
has teen * these leaflets move through an angle of 8° in the 
course of from 10 lo 30 seconds. 

A fine, nearly full-grown leaf on a young plant, 8 inches in 
height, with the stem secured to a stick at the base of the leaf, 
was observed from 8.30 a.m. Juno 22nd to 8 a.m. June 21th 



• ' Die Tcriod. Beweg.,' p, 35. 
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In (lie diagram given on the nest page (Fig. 150), the iivo 
Curved broken lims at the Ii.ll-c, which represent the nocturnal 
courses, ought to ho prolonged far downwards On the lirst 
day the leaflet moved thrive down and thrice up, and to a con- 
siderable distance laterally; the course was also remarkably 
crooked. The dots were p-uemlly made, every hour; if t'jicy 
had been made every few minute* all the lines would hate been 
zigzag to an extraordinary degree, with here and there a loop 
formed. We may infer that this would have been the ease, 
because five dots were made in the course of 31 m. (between 
I '2.34 ;n id 1.5 p.m.), and we see in the uiiper part of the diagram 
how crooked the course here is ; if only the first and last dots 
had heen joined we .should have bud a straight line. Exactly 
the name fact may bo seen in the lines representing the course 
between 2.24p.m. and 3p.m., when as intermediate dote were 
made; and again at 4.46 and 4.50. But the result was widely 
different after 6 p.jf., — that is, after the great nocturnal descent 
had commenced ; Tor though nine dots were then made in the 
course of 82 in , when these were joined (sec Figure) the line thus 
formed was almost straight. The leaflets, therefore, begin to 
descend in the ai'lermwti by zigzag line;, but ah soon as the 
doscent bocomcis i-itpid their wlmlu energy is expended in thus 
iiioving, mid their coor.-c beerai.-n rectilinear. Aitortho leaflots 
are completely asleep they move very little or not at all. 

Had the above plant been subjected to a higher temperature 
than 67°— 70° F., the movements of the terminal leaflet would 

those shown i:i the diiig'ain ; for n plant was kepi for some time 
in the hot.hou.-e at from 92°— 93° F., and in too course of 35 m. 
tho apex of a leaflet twice descended and onee ascended, travelling 
over si space of I 'J inch in n vortie:il direction and of 82 inch in 
a horizontal direction. Whilst thus moving the leaflet also 
rotated on its own axis (and this was a point to wliioh no atten- 
tion had been beforo paid), for the plane of the blade differed by 
41° after an interval of only a few minutes. Occasionally the 
leaflet stood still for a short time. There was no jerking move- 
ment, winch is to characteristic o:' tho little hitoral leaflets. A 
sudden and considerable fall of temperature causes tho tormina! 
leaflet to sink il iwnwards ; thus a cut-off leaf was immersed in 
water at 95° F., which was slowly raised to 103° F., and after- 
wards allowed to fink to 70- F., und (in; sul<-].t'1ioUi of the ler- 
miiial leaflet then curved downward:!. The water was afterward* 
24 
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raised to liif) I'., and flic ? n I ■■ jiotiulc stinipitimM itself. Similar 
ezperimentB with leaves in water were twice repeated, with 
nearly the same result. It should l>e added, thnt water raised 
to even 122 s IT. does not soon kill a leaf. A plant was placed 
in darkness at 857 a.h., and at 2 p.m. (i.e. after 5 h. 23 m.), though 
the leaflets had sunk considerably, tlay had i>y no means ac- 
quired their nocturnal vertically depended i po.-dtion. PferTer, on 
the other baud, says " tb.it tiiis imiiiti d wil li him in from i li, 
to 2 h. ; perhaps the difference in our results may be due to 
the plant on which we experimented being a very young and 
vigorous soodling. 

The Movements of the little lat,ral Leaflets.— These have been so 
often described, tb.it iv (i will cndi-iivo-Ji' to he as brief as possible 
in giving n few new fads and conclusions. The leaflets snmc- 
times quickly change their pnsiiioii liy as much as nearly ISO 5 ; 
and their sub-pet i ole s can I hen be seen to become greatly curved. 
They rotate on their own axes, to thai their upper surfaces are 
directed to all points of tho compass. The figure described by 
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movements beeanie much more rapid; each little circle or oval 
lieing completed in from I m. 30s. to Ira. 45s. There was, 
however, no jerking, aud this fact may perhaps bo attributed to 

Sachs states that the h arid;- do not >nove virtil the surround- 
ing air is as high as 71"— 72° F., aud this agrees with our 
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the previous day at an unusually high temperature; the little 
lateral leaflets were also jerking at this hour, but whether 
there was any connection between this latter fact and the sub- 
horizontal portion of the terminal icufiuts wo do not know. 
Anyhow, it is certain that the lateral leaflets do not sleep like 
the terminal leaflets; and in so far they may be sc-id to be 
in il fimetiotiiilly ni-.limeiitar_v condition They ore in n similar 
condition in relation to irritability; for if a plant be shaken 
or syringed, Hie ti-riniiiLil leaflets sink down to about 45= bo- 
Death the horizon; but we could never detect any effect tbun 
prmUiued ou the latual leaflet*; vot wo lire not prepared to 
assert positively that nibbing or pricking the pulvinus produces 
no effect 

As in the cose of most riii]in;n;;:irv nreaus, tlie leaflets are 
variable in size; they often depart from their normal ]>ositioii 
and do not stand opposite one another ; and one of the two is 
frequently absent. This absence appeared in some, but not in 
all the cases, to be due to the leaflet having become completely 
MJifluent with the wain petiole, as might bo inferred from the 
presence of a slight r;d:;e along it.' »yu-r m.iruiin, and ir;>r;i tliii 
course of the vessels. In one instance there was a vestige o[ 
the leaflet, in the shape of a minute point, at tlie further end of the 
l'id}!c Tin- fiviiiU'Ht, siahhn, aibi eoieplcle (IlKapjiearaiice of one 
or hoik of the i lalo.anit arv kalii-is isi a rather singular fact; but 
it is a much more surprising one that the leaves which ore first 
developed on Stealing plants are not pr ivided with them. Thus, 
on one seedling the seventh leaf above the cotyledons was the 
first which boro any lateral leaflets, and then only a single one. 
On another pccdling, (ho olevemli leaf first, bore a leaflet; of the 
nine succeeding leaves five bore a single lateral leaflet, and 
four bore none at all; atla.it a ltnif, the twvnty-lirst above the 
cotyledons, was provided with two rudimentary lateral leaflets. 
Prom a widespread analogy in the animal kingdom, it might 
have licou expected Ilia: these rudimentary leallcis would havo 
been better developed and more regularly present on very young 
than on older plants. Eut fearing in mind, firstly, that long- 
lost characters sometimes reappear late in life, and secondly, 
that the specks of ])e.-ii:o.liiuo an. ./eaerai:; t ri foliate, hut thai 
some are umfoliale, the suspicion arises that D. gyrant is 
descended from a unifoliate species, and that this was descended 
from a trifoliate one ; for in this case both the absence of the 
little lateral leaflcls on very young seedlings, and their suli- 
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sequent appearance, may be attributed to reversion to more 01 
less distant progenitors.* 

No oao supposes that the rapid movements of the lateral 
leaflets of D. yyrans arc of nuy use to the plant; and why 
they should behove in this manner is quite unknown. We 
i n l;e.lj ii n . L 1 ] 1 1 1 r ]i:imit :>f iiiuvi'iiii'iit. mighf stand in Bonin 

rotation with their rudimentary condition, and therefore ob- 
served the almost rudimentary leaflets of Mimom albida vet 
ttnnta-a (of which n drawing will hereafter lie given, Pig, 159); 
but they exhibited no extraordinary niDvi/iurnts, nud rat night 
they went to sleep like the full-sized leaflets. There is, how- 
ever, this [■eiiuii'kuUu difference in the two oases; in Desmo- 
dium the pulviuus of the rudimentary leaflets has not been 
reduced in kii^th. in ■L'u'Tesp'iideuv v,-ith 1hc r.due^oi, of the 
blade, to tlio same extent as lias occurred in the Mimosa; and it 
is on the length and degree of curvature of -he pulvinns that the 
amount of movement of the blade depends. Thus, the average 

length of the jmlvintis in Hit; large terminal lentils uf Desmo- 
diuin is 3 mm., whilst that of the riidiinentai'y leaflets ia 2-86 mm.; 
so that they differ only a little in length. But in diameter they 
differ much, that of the pulvinus of the little leaflets being only 
3'3 mm, to 0*4 mm.; whilst that of tho terminal leaflets is 
i'33 mm. If we now turn to the Mimosa, wo find that the 
average length of the pulvinus of the almost rudimentary 
leaflets is only 0'4(iG mm., or rather more than a quarter of the 
length of the pulvimis of the fnll-si/.ed leaflets, namely, 1 ■ 06 mm. 
In this small redi'ctiou in length of the piikLiius ol the rudi- 
mentary leaflets of Dcsmodium, we apparently have the prow- 
mate cause of their great and rapid d renin nutating movement, 
in contrast with that of the almost rudimentary leaflets of the 
Mimosa. The small size and weight of the blade, and the little 
resistance opposed by the air to its movement, no doubt also come 
into play; for wo l ave hi i u that these leaflets if immersed in 
water, when tho resistance would bo much greater, wore pro- 
Tented from jerking forwards. Why, during the reduction of 
the lateral leaflets of Desmodium, or during their reappearance 
— if they owe their origin to reversion— tho pulvinus should 
have been so much less affected than the blade, whilst with the 



rudimentary lateral leaflets. Du- 
dairtre, ' Kleniciitsile Botaniquo, 
!Su7, p. :J53. 
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Mimosa tlie pnlvinus has been groally reduced, we do not 
know. Nevertheless, i! skfci'vos notice that the reduction of 
the leaflets in these two genera, hua apparently been effected by 
a different process and for a different end ; for with the Mimosa 
the reduction of the inner and basal leaflets was necessary from 
ihe want of space; but no such necessity exists with Desmo- 
dium, and the reduction of its lateral leaflets seems to have 
been due to the prini'ijile of ':oij)]'i;jiKatio!), in consequence of 
the great size of tho terminal leaflet. 

Uraria (Tribe 6) and Ctutnwsmo (Tribe 8).— Tho leaflets o£ 
Urnria la-iopns ar.il the leaves of a L'e iilroieni!! from fira/il 
both sink vertieally down at. night. In the latter plant the 
petiole at tho same time rose 16i°. 

Amphicarpaa momi'ca (Tribe 8). — The leaflets sink down ver- 
tically at night, and the petioles likewise fall considerably. 
Fig. 151. 




Ampliicarpaa av.vnri : tf i-riimnutntian :iv.i njctiticpic movement of leaf 
daring 48 h. ; Its spei 9 inches from the vertical glass. Figure reduced 
to one-third of original scale. Plant illummaled from above; temp. 
17J°-1B}° C. 

A petiole, which was carefully observed, stood during the day 
iK" above the horizon and at night 3!i° below it; it therefore 
fell .")7 = . A filament was final transversely across the terminal 
leaflet of a fine young leaf (21 indies in length including the 
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a terminal leaflet, as we wished 
to observe its movements when 
asleep. The plant was placed 
in the morning of June 10th 
under a skylight, where the 
light was not bright; and we g . 
do not know whether it was 
owing to this causa or to the 
plant having been disturbed, 
but the leaflet hnng vertically 
down all day; nevertheless it 

I'ilYUlllll'ltjltllil ill 111 is }"hT>si- 

tiun, deserilmii; :l figure which 
represented two irregular el- 
lipses. On the next day it 
uiri:ut;uiutii.tcd in ft ^niiitcr 
degree, describing four irre- 
gular ellipses, aud by 3 P.M. 
had risen into a horizontal po- 
sition. By 7.15 p.m. it was 
asleep and vertically depen- 
dent, but continued to cirenm- 
nutate as long as observed, 
until 11 p.m. 

Erythrina wrallodendron.— 
The movtmonts of a terminal 
leaflet were traced. During 
the second day it oscillated 
four times up and four times 
down between 8 a.m. and i 
p.m., after which hour the great 
nocturnal fall commenced. On 
the third day the movement 
was equally great in ampli- 
tude, bat was remarkably 
simple, for the leaflet rose in J 
an almost perfectly straight 
line from 6.50 a.m. fo 3 p.m., 
and then sank down in an 
equally straight line until 
vertically dependent and 
asleep. 




or win 3} inches from the vertfen! 
glnss. figure reduced to oiie-half 
of original stale. Plant illqoii. 
Dated from above i teroji. 
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Apias (uJtrora (Tribe 8).— The lenfleta sink vertically down 
at night. 



rha-eotui vuh/ans (Tril*) 8).-Thc leaflets likewiso sink verti- 
cally donn at night. In tin: (rrconliouee f \><\ petiole of a young 




-.uk a. The ji...,vfim:i](i of the petioles 
three of these genera. They rose in 
us, and Bunk in Amphicarptca. 
;Tribe 10).— The leaflets riso at night, 
ime directed towards the apei of the leaf, 

lylon, Ghditschia, /'oincinno— The leaflets 
salpinia (Tribe 13) rose at night. With 
Hcematoxyton Campediianum (Tribe 13) the leaflets move for- 
wards at night, bo that their midriba stand parallel to tie 
petiole, and their now vertical lower surfaces are turned out- 
wards (Fig. 153). The petiole sinks a little. In Qleditschia, it 
we understand correctly Du chart re's description, and in Pain- 
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i (both belonging to Tribe 18), t 

Fig. 153. 



Cassia (Tribe 14).— The nyciilropic movements of tho leaves 
in many species in this genus utc closely alike, and ate highly 
complex. They wore first brink dopcribed by Lit;t'.;<;u=, arKhunce 
by Uuchartre. Our observalions were made chiefly on O.fiori- 
ha,nda* and corgmbtxa, but several other species were casually 
observed. Tin; liorizoiitiitly (.■st.ciiik'd li!;if!i!ta sii:k dowti verti- 
cally at night ; but not simply, as in so many other genera, for 
each Ieafloi rotates uu its own axis, bo that its lower surface 
laces outwards. The upper surfaces of the opposite leaflets are 
thus brought into contact with one another beneath the petiole, 
and are well protected (Fig. 154). The rotation and other move- 
ments are effected by moans of a well-developed pulvinus at tho 
base of each leaflet, as could lie plainly seen when a straight 
narrow black line had been painted along ir during the day. 
The two terminal leaflets in the daytime include rather less than 
a right alible ; but tin ir dhvrpaice increases greatly whilst they 



• I nm Informed by Mr. Dyer near to C. Imigata. It le iin doubt 

that Mr, Ben the m btdiewn tkiut tlm nanio na tho form described by 

C. jl°ri',u«di (;l eumni.iti p-ivu- Liialley (' ilut. Reg,,' Tab. 1+22; 

bnuso bnab) JB a hybrid rai-U'l in «* C. fftritrtiana. 
France, and that it cimes ray 
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perpendicularly from the end of the petiole. The second pair 
of leaflets likewise moves a little backwards, but lees than the 
terminal pair; and the third pair moves vertically downwards, 
or even a little forwards. Tims all the leaflets, in those species 
which bear only 3 or i pairs, tend to form a single packet, with 
their upper surfaces in contact, and their lower surfaces turned 
outwards, lastly, tlio main petiolo rises at night, but with 
leaves of different ages to very different degroes, namely, some 
rose through an angle of only 12°, and others as much as 41°. 

Coma talliaiitha.—Tna leaves bear a largo number of leaflets, 
which move at night in nearly the same manner as just 
described; but the petioles apparently do not rise, and one 
which was carefully observed certainly fell 3°. 

Cassia pubei-cens. — The chief difference in the nyctitropio 



Fig. 155. 




Oanta pubtxaut A, upper put of plant iuriog the day ; B, nn plant 



movements of this species, compared with those of the former 
species, consists in tho leaflets not rotating nearly so much; 
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therefore their lower suffices faoe bul little outwards at night 
The petioles, which during the day are inclined only a little 
ttbovo the horizon, rise at night in a remarkable manner, and 
Bland nerrly or quite vertically. This, together with the 
dependent position of the leaflets, makes the whole plant won- 
derfully compact at night. In tho two foregoing figures, copied 
from photographs, the same plant is represented awake and 
asleep (Fig. 155), and wc see how different is its appearance. 

C'aitia mimo&Aila. — At night the numerous leaflets on each 
leaf rotate on their axes, and their tips move towards the apes 
of the leaf; they thus Wmiu; imbricated nitb their Imvs-r 
surfaces directed upwards, and with their midribs almost 
parallel to tho |ieliuk'. Co:i?eu iieutlv, Via:-. s[ieeie^ differs from 
all the others seen by us, with the excoptiun of the following 
one, iu tin; leaflets not sinking down nt jii.ehf. A petiole, the 
movement of which was lneiisureil, rose &"' af ni^iit. 

Cassia ifarc%ana.— The leaflets of this Australian species are 
numerous, very narrow, av.,1 almost linear. At night they rise up 
a little, and also move towards the apes of the leaf. For instance, 
two opposite leaflets which diverged from one another during 
the day at an snesV .>;' 10!", diverged at eight only 7J"; so that 
each had risou lti c above its diurnal position. The petiole of a 
young leaf rose at night 34°, and that of an older leaf 19". 
Owing to tho slight movement of tho leaflets and tho consider- 
able movement of the petiole, tho bush presents a different 
appearance at night to what it does by day; yet the leaves can 
hardly be said to sleep. 

The cireimmuhiliug movements of this hiiives (if ''. j!nrilun'!a, 
calUaiitha, and jiubaeens were observed, each during three or four 
days; they were essentially alike, those of the last-named species 
being tho simplest. The petiole :>l tl^rii'ui-da was secured to 
a stick at. flic base of thr (wo terminal 'eafiefs, and a filament 
was fisted along the midrib of ono of them. Its movemenls were 
traced from 1p.m. on August 13th to 8.30 17th; but those 
during tho lust 2 h. are alone given in Fig. IGG. From 8 A.M. on 
each day (by which hour the Issif had assumed its diurnal posi- 

nearly tho sumo small space; at between 2 and 3 p.m. tho great 
evening fall commenced. The lines representing this fall and 
the early morning rise are olivine, owing to tho peculiar manner 
ill whieh the leuflcfe sleep, as already described. After the 
leaflet was asleep at 6 f.si., and whilst the glass filament hung 
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perpendicularly down, the- movement of its apex was traced 
until 10.30 t.u.; and during this wholo time it swayed from 
side to side, completing more than one ellipse. 

iiauhinia (Tribe 15)— B* ™ 

The uyctitropic movements 
of four species were alike, 
and were highly peculiar. 
A plant raised from seed 
sent us from South Brazil 
by Fritz Mullcr, was more 
especially observed. The 
leaves are large and deeply 
Hi' tailed at their ends. At 
night the two halves rise 
up and close completely 
together, like the opposite 
leaflets of many Legumi- 
nous. With very young 
plants the petioles rise con- 
siderably at the same time; 
one, which was inclined at 
noon 45° abovo the hori- 
zon, at night stood at 75° ; 



rose 34°. Whilst the two f 
halves of the leaf areclosing, [ 
the midrib at first sinks / 
vertically downwards and j 
afterwards bends back- J / 

wards, so as to pass close f 
al'jiw ui>e sidu of its own j. / 

upwardly inclined jxstiole ; / / 
the midrib being thus di- ■ 
rccted towards the stem or j Jii 
axisof the plant. The angle / /' 
which the midrib formed // 
with the horizon was mea- !/ 
sured in one ease at dif- 
ferent hours: at noon it stood horizontally; late in the even- 
ing it depended vertically; then rose, to tho opposite fide, and 
at 10.15 p.m. stood at only 27° beneath the horizon, being 
directed towards the Btem. It had thus travelled through 153" 



!!t 

% 

I gjl 

fin 
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0»ing to this movement— to the leaves being folded— and to 
tho petioles rising, thn whole plant is as much more compact at 
night than during the day, as a fastigiale Lombardy poplar is 
compared with any other species of poplar. It is remarkable 
that when our plants had grown a little older, viz., to a height 
ot 2 or 3 feet, the petioles did not rise at night, and the midribs 
of tho folded leaves were no longer bent back along one side of 
the petiole. Wo have noticed in some other genera that the 
petioles of very young plants rise much more at night then do 
those of older plants. 

Tamarii.dui Indlca (Tribe 16).— The leaflets approach or 
meet each other nt night, and are all directed towards the apex 
of the leaf. They thus become imbricated with their midribs 
parallel to the petiole. Tho movomont is closely similar to 
that or Ilmmatoxylon (see" former Pig. 153), but more striking 
from the greater number of the leaflets. 

Adenanthera, Prodis, w,d Xe/.tunm (Tribe 20).— With vWe- 
nanthera paronia the leaflets turn edgeways and sink at night. 
In Prosopii they turn upwards With Neptunia oleracea the 
leaflets on the opposite sides of the same pinna come into 
contact at night and are directed forwards. The pinnee them- 
selves move downwards, and at tho same time backwards or 
towards the stem of the plant. The main petiole rises. 

Siimvta pudka (Tribe 20).— This planthaa been the subject of 
innumerable ol*ervations ; but there are some points in rela- 
tion to our subject which have not been sufficiently attended 
to. At night, as is well known, the opposite leaflets come into 
contact and point towards the apes of tho leaf; they thus be- 
come neatly imbricated with their upper surfaces protected. The 
four pinnre also approach each other £':oseIy, and the whole leaf 
is thus rendered very compact. The main petiole sinks down- 
wards during the day till late in the evening, and rises until 
vory early in tho morning. Tho stem is con tiiui ally circumnii- 
tating at a rapid rate, though not to a wide titcot. Some very 
ymmg plants, kepi it) darkness, were observed during two days, 
and although subject to a rat.herlow temperature of 57°— ")9°F., 
the stem of one described four smali ellipses in the course ot 
12h. We shall immediately see that the main petiolo is like- 
wise continually circumnivtuting, us is each se7>aratc pinna and 
each separate leaflet. Therefore, if the movement of the upei 
of any one leaflet were to he traced, tho emir o described would 
be compounded of the movementa of four separate parts. 
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ink ol a iir.'jvlv fall-frown, highlv- 
in length), the stem having boon 
base ; and a tracing was wado on a 
iu.se raider a high temperature, la 




ever, lie observed that the pe- 
tiole fell much lower down in 
ilia evenings than could tie 
seen on the vertical gloss or is 
represented in the diagram. 
After 7 r.M. on the 3rd (when 
the last dot in Fig. 157 wbb 
made) the pot was carried into 
a bed-room., and the petiole was 
found at 12.50 a.m. (i.e. after 
midnight) standing almost, up- 
right, and much more highly 
inclined than it was at 10.40 
p.m. When observed again at 
4 a.m. it had begun to fall, and 
continued falling till G.15 A.it., 
sifter -which hour ii v.v^/.il"?. il ;l?u1 riiv.iinniilii.ti .1 .similar 

observations were made on another pe'iole, with nearly the 
same result. 

On two other occasions the movement of the main petiole 

23 



i.i iii'iiiellt i'f main pe- 

tiola, trsc' J - 



■■■ :i l li. :m w. 
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was observed every two or three minutes, the plants being kept 
at a rather high temperature, Trz -> on l ' rsit occasion at 
77°— SI" F., and the filament then Ueseril.ed J; ellipses in 6ilrd. 
On tlio second occasion, when tlic temperature was 81°— 86" F., 
it made rather more than 3 ellipses in fi7 mu Therefore, 
Fig. 157, though now sumdently romplcs, would have been in- 
comparably more sn, if dots had Is-en made, on the glass every 
■2 or 3 minutes, instead of every hour or half-hour. Although 
the main petiole is continually ai;d rapidly describing small 
ellipses during the day, yet after the great nocturnal rising 
movement lias commenced, if dots aro mode every 2 or 3 
minutes, as was done for an hour between 9.30 and 10.30 p.m. 
(temp. 84° F.), and the dots are then joined, au almost abso- 

To show that tho movement of the petiole is in all proba- 
bility duo to tin; varying turgeseence of tho puivinufl, and not 
to growth (in am.rJ.iw* with the contusions of PfcfTerJ.a very 
old leaf, with some of its leaflets yellowish and hardly at all 
■sensitive, was selected far observal ion, and the plant was kept 
at the highly favourable- te.np. of HO" F. The peiiole fell from 
8 a.h. till 10.15 A.M., it then rose a little in a somewhat zigzag 
line, oflou remaining stationary, till 5 P.M., when the great 
evening fall commenced, which was continued till at least 
10 P.M. By 7 A.M. on the following morning it had risen to tho 
same level as on the previous morning, and then descended iu 
a zigzag line. But from 10.30 a.m. till 4.15 p.m. it remained 
almost motionless, all power of movement Wing now lost. The 
petiole, therefore, of this very old leaf, which must have long 
ceased growing, moved periodically ; but inslc.id of circum- 

down and twite up iu the course of 31 h, with the ascendiug 
and descending lines not coincident. 

It lias already h en staled llial I lie pi. mm move independently 
of the main petiole. The petiole of a leaf was fixed to a cork 
support, close to tliu point wiieiu-c the four pinuie diverge, with 
a short fine filament Cemented loimitiidinally to one of the two 
terminal pinme, and a graduated semicircle was placed close 
beneath it. By looking vertically down, its angular or lateral 

and 4.15 v «. the pinna changed iis pn-iiion to one side by only 



r times to < 
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in one instance to the extent of L(i c . This pinna, therefore, 
circumnutated. Later in the erenrag the fout pinnse approach 
cadi other, and the one which was observed moved inwards 
5S)° between noon and 6,15 p.m. Ten observations were made 
in tho coarse of 2 h. 2U m, (at average intervals of 14 m.), 
between 4.25 and 6.45 p.h. ; and there was now, when the leaf 
was going to sleep, no swaying from side to side, but a steady 
inward movt input. IJ'jjt thn-iiforc iiierc is in the e veiling the 
same conversion of a circurnnutatiiig into a steady movement 
in u:ic direction, us in tin: case of main |it.- iijle. 

It has also been elated that each separate leaflet circum- 
nntatcs. A pinna was rc-iroritcd with ic] JrX'"- on tin- -imiilit fit 
a little stick driven firmly into the c.Tniniil, in. mediately beneath 
a pair of leaflets, to the midribs of both of which excessively 
fine glass filaments were, attached. This- treatment did not 
injure the leaflets, for they went to sleep in the usual manner, 
and long retained their sensitiveness. The movements of ono 
of them were traced during 4!) h., as shown in Fig. 158. On tho 
first day the leaSet sank down till 11.80 a.m., and then rose 
till late in the evening in a zigzag line, indicating oircum- 
tintalitai. On lim sivnnd tiny, ivl.cn morn iiecustonii-d tu its 
new state, it oscillated twice up and twice down during the 
24 h. This plant was subjected to a rather low temperature, 
viz., 62=— (14° F. ; had it been kept warmer, no doubt the move- 
ments of tho leaflet would have been much more rapid and 
complicated. It may bo seen in the diagram that the ascending 
and descending lines do not coincide; but tho largo amount of 
lateral movement in the evening is the result of tho leaflets 



:> cvoiiin- ■A the ivivn.i ,iuy the 
iperly go to sleep. The pot was 
l dark cupboard, under nearly the 



l touch. On the foil 
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stick, will tin; inovutiiDiits i/i I li-.ivos wore trui-ed on a vertk'Hi 
glass during 72 h. The plants were Btill kept in the dark, ex- 
cepting that at oach observation, which lasted 3 or 4 minutes, 



fig. 168. 




Jf>TWJT pudiai: ciicuynn'.irrLtir'rj --zti i] nvj^ilv.ii.ii: tn..vrinpnl -if n Ipilffet 
(with pinna lecurci), t raced on s vertical glass, from 8 *.m. Sc|il. 14lh 



they were i 11 1 n n r rmf fl '<■}■ (wo i-ari' lies, flu the Hurt! day the 
leaflets still exhibited a veal ice nf swisifiveui'ss when forcibly 
pressed, but, in the evening tli«y showed no fiijiitB of sleep. 
NarortheleBS, their petiole? continued tocirciuiinutate distinctly. 
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although the proper order of their movements in relation to the 
day and night was wholiy lost. Timeout leaf descended during 
the first two nights (i.e. bchict-n 10 p.m. and 7 a.m. nest morn- 
ing) instead of ascending, and on the third night it moved 
chiefly in a lateral direction. The second leaf behaved in an 
equally abnormal manner, moving laterally during the first 
night, descending greatly during the second, and ascending to 
an unusual height during the third night. 

With plants kept at a high temperature and exposed to tlio 
light, the most rapid circumnutating movement of the apei 
of a leaf which was observed, amounted to ji B of an inch in 
one second; and this would have equalled J of an inch in a 
minute, had not the leaf occasion;!.! I y sioo i still. The actual 
distance travelled by the apex (as ascertained by a measure 
placed close to the leaf) was on one occasion nearly > of an inch 
in a vortical direction in 15 in.; ami on another occasion J of an 
inch in GO in. ; but there was also sonic lateral movement. 

Mimosa aliiida.*— The leaves of this plant, one of which is here 
figured (Fig. 159) reduced to > of the natural size, present soma 



interesting peculiarities. It consists of a long pctiolo hearing 
only two pinna) (hero represented as rather more divergent 
than is usual), each with two pairs of leaflets. Hut the inner 



* Mr. Tl.istli ton Dver inlhmis Linn. Sw, 1 vnl. xsi. p. 301)) to 

ns I hut l'cruvinn plimt (wliii-h l>i: " thn spi.-i. s or voiiPtv wliioli 

wna seat to us from liew) is ton- m'ist commonly represents the J/. 

Bi.lcreil by Mr. ISoDthmn f Trans. laindra of our gurdena." 
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(the rudimentary ones included) form together a single vertical 
packet The two pinna; at the same time that they approach 
each other siuk downwards, and thus instead of extending hori- 
zontally in the same lino with the main petiole, oh during the 
day, they depend at night at about 45°, or even at a greater 
angle, beneath the horizon. The movement uf the main petiole 
seems to be variable; we have seen it in the evening '27° lower 
thanduringtho day; but sometimes in nearly tlx mine pa-ithni. 
.Nevertheless, a sinking liiovena-ut in the evening and a rising 
one during the ni^-it is probably the normal course, fur this 
was well-niarlrci! in the p tioie of Hit! first- forme;! true leaf. 

The eiroumnntation of Die main petiole of a young leaf was 
traced during 2: days, r-sui "'as considerable in extent, but less 
complex than that of M. ptuliaa. The movement was much 
more lateral tluiii is usual with eirautunutating leaves, and this 
was the sole peculiarity which it presented. The apex ol 
one of tins tunuiual leade.ls was seen under the lnieroseopo to 
travel fa of an inch in 3 minutes. 

Miirms-i inar<;iii:iia. The opposite leaflets rise oi'and aprroaeh 
each other at night, but do not come into close contact, except in 
the case of wry youu^r leaflets on vigorous shouts, full- grown 
leaflets circuninutate iluriug the day slowly and on a small scale. 

Fekraiii'ia veinn/n (Trihc 'JO). — A leaf consists of two or three 
pairs of pinnic, eaeh bearing many small leaflets. These, when 
the plant is asleep, arc 'i : ri.e i forwards and become imbricated. 
The angle between the two terminal pinnro was diminished at 
night, in one case by 15° ; and they sank almost vertically down- 
wards. The hinder pairs of pinnte likewise sink downwards, 
but do not converge, that is, move towards the npex of the leaf. 
The main petiole does not become depressed, at least during the 
evening. In this latter respect, as well as in the sinking of the 
pinna), there is a marked difference between the njctitropio 
movoinentH of the present plant and of Mimota pudita. It 
.should, huwe rer, be addt.d (hat our sp^eim. u wus not in n very 
vigorous condition. The pinna; of bclintnkia acvitata also sink 
at night. 

Aeiici'u l-\ir»i<itiv; (Tribe '12;.— The different appearance pre- 
sented hy a bush of this plant when asleep and awake is won- 
derful. The same leaf in ll.o two states is shown ii; the following 
figure CFig. 160). The loaflots move towards tho apex of the 
pinna and become iir.ln vak il, ned tho pii::i.<o then look like bits 
of dangling string. The following remarks and measurements 
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represented five ellipses, with their longer axes differently 
directed. 

Albania lophantha (Tribe 23).— The leaflets at night come into 
conlaet with one another, and are directed towards tlie apex ol 
the pinna. The pinna* approach one another, but remain in the 
samo plane as during the day; and in this respect thoy differ 
much from those of the above Schrankia and Acacia. Tho main 

iedons bore 11 leaflets on each side, and these slept like thoL 
oil tlit- mibsr.-i | m i]' ly i'.:ru:i.'il ]c;i.w>; 1 ■ n l i sl.ii ] ittiu'Li- nf this first 
leaf was curved downwards during tho day and at night 
straightened itself, so that the chord of its arc then stood 16° 
liiirb r tlinii in the d;iy-timn. 

A/cfakncn ri-iV'ii;/(j/i"ji(Myrl.'i(i( , H!).— An-oniiui; Id Jiimclie (' Bol 
Zeit.,' 1S74, p. 35'J) the leaves sleep at night, in nearly the same 
manner as those of cerLtin species of Pinielia. 

Uiuothra 'iinHi.-isiihii (Otiii.-iru'irai). — ArCiiL-'iii.ir lo Litmieus 
('Somnus Planiiirinr: '), ltiiv.s rise; Up vertically at night. 

.).- The young leaves sleep by 



which hod stood fo 
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derablo angle beneath the horizon at 10 Ml. In the oase of four 
youngish leaves, which were froni 2 to 21 inches in length, 
tlieso angles were found to bo 50', 5b", GU°, and 65°. At the 
and of August, when the plants hod grown to o height of 10 to 11 
inches, the younger leaves wore so much curved downwards at 
night that they might truly be said to be asleep. This U one 



Fig. 162. 




nt^nighl. Figures coaled from pbotographl, und leduced. ' 

of the species which must, be ucll ilUiiiiinnfi.'it during tho day 
in order to sleip, for ou two occasions when plants were kept 
all day in n. room with north -oust windows, the leaves did not 
sleep at night. Tho same cause probably accounts for the 
leaves on our seedlings raised in the dead of the winter not 
Bleeping. Professor Pfoffor informs us that the leaves if 
another species Jurul.trusU king vertically down at night. 
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J/Dmira atrulea aiidpiiiym-m (Convolvulncefe). —The haves on 
Terj Joung pi Huts, a foot or two m hdi:lil, ;uv .Impressed at night 
to between 68° and S0° 
t0:t - bcmatli the horizon; 




ire i nil! 



At. the Last, oft.be V ri\ti\a of .v. tata™, <«i the outside. There 
is ii mass of eolla, which nro rather smaller than elsewhere, nnd 
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have their longer axes diffi 
jmrendiyma, mill may thor 



by day, and at nitrlit stoorl up vertically, but woro not in close 
nsisistiiiice i.lVt-rc.il liy tl:u mitral l.ml. 
-e (Polygoneai),— Professor Batalin informs 
eaves rise up vertically at night. This is 
cording to Linnrcus, with several sped™ 



tin 1 s/ivviiliuiiso il.iriiiLT the ivmtiT '.Inn. '2~t)i ) w. ii-. ol. :..■)-'. e 1 i.lay 
and night, and no difference could be perccivod in the position 
of their leaves. According to Bouclie (' liot. Heitiing,' 1B74, 
p. 359 j the leaves of I'imdia linoides and speetabilit (Thymelote) 
ileep at night. 
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Euphorii'i junjitii.iajlvra (Euphorluacea)). — Mr. Lynch 
called our attention to the fact that the young leaveB of this 
plant sleep by depending vertically. The third leaf from the 
summit (March 11th) was inclined during the day 30° beneath 
the horizon, and a\ night, hung vertically down, as did some of 
the Still younger leaves. It lose up fo its former level ou the 
following morning. The fourth ami lift.ii leaves from the summit 
stood horizontally dining the day, and Bank down at night Only 
'.in''. The sixth' leaf did not sensibly alter its posilion. The 
sinking movement is due to the downward curvature of the 
petiole, no part of which exhibits any structure like that of 
a piiWinns. Early on the morning of June 7th a filament was 
fixed longitudinally Tu a young ImlVt Ire thud from the summit, 
and 2} inches in length), and its oiovfiuenh were traced on 
a vertical glass during 72 h., the plant being illuminated from 
above through a skylight. Each day the icnf felt in a nearly 
straight lino from 7 a.m. to 5 p.m., after which hour it was bo 
much inclined downwards that the movement could no longer 
be traced; and during the latter part of each night, or early in 
the morning, the leaf rose. It therefore cirouranutated in a 
very simple loamier. making a single large cdipse every 2 1 li., 
for tlio ascending and dfeccncli:]^ lines 'lid not coincide. On 
each successive morning it stood at a less height than on the 
previous one, and lids was probably due, ptirtly to the increasing 
age of the leaf, and partly to the illumination being insufficient; 
for although the leaves are very slightly lipotropic, yet, accord- 
ing to Mr. Lyuclrs ami our own ob-crvuf ions, their inclination 
during the day is determined by the intensity of the light. On 
the third day, hy which lime the extent of the descending 
movement had much decreased, the line traced was plainly 
much more zigzag than on any previous day, and it appeared 
as if some of its point's of tinivom.'iil- wore, thus expended. At 
10 r.M. on June Till, when tin leaf depended vertically, its move- 
ment-* were observed i-y a mark being placed behind it, and the 
end of the attached filament, was scon to oscillate slowly and 
sliidii ly from fide to side, us well as upwards and downwards. 

riit/Hattlhux Sirwi (Euphorbiacea)). — The leaflets of this 
plant sk-ep, as dosenlied by I'foi'er," in a remarkable manner, 
apparently like those of Cassia, for they sink downwards at 
night and twist round, so that their lower surfaces are turned 
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outwards. They are fnrnislird, as u;is;lit have biam exoeclod 
from this complex kind of movement, with a pulvinus. 



GYMNOSPERMS. 
Pintis Norimanniana (Conifers). — M. Chatin states* tbftt the 
leaves, which are horizontal dur/bi; tlm dny, rise up at night, so 
b- to assume a position almost ii;;r|>..:[idi;-u:nr to the branch from 
which they arise; wo presume that Ire here refers to a horizontal 
branch. He adds : " En luSfne leiirps. re mouveiuont direction 
est accomjingne d'un moiiveiin-ni do rorsioii impriino u la partie 
basilaire de la feuille, et iionvniii souvent jsircourir un are do 
■JO degree." As the lowor surfaces of the leaves are white, 
whilst tho upper are dark green, tho tree presents a widely 
different appear-sure by day and night. Tho leaves on a small 
tree in a pot did not exhibit with us any nycti tropic move- 
ments. We have seen in a former chapter that the leaves of 
Finns pinastsr and Atislriuca are continually oireumnutating. 



Monocotyledons. 

Thalia dealbula (Cannacem).— The leaves of this plant sleep 
by turning vertically upwards ; Hiry ajv 1'nniished with a wall- 
doveloped pulvinus. It is tho only inshorer known to us of 
a very large leaf sleeping. Tho blade of a young leaf, whioh 
was as yet only 13 i inches in length and (ij in breadth, formed 
at noon an angle with its tall petiole of 121", and at night stood 
vertically in a line with it, and so hud risen 59°. The actual 
distance travelled by the apex (as measured by an orthogenic 
tracing) of another large leaf, between 7.30 a.m. and 10 r n., was 
101 inches. The circmunutation of two young and dwarfed 
loaves, arising amongst tho talk r leaves at the base of the plant, 
was tr.u.vd on it vo:ti..ML irias.s r [urine: two (Liys. On the iirst dny 
the apex of one, and on the second day the apex of the other leaf, 
described between (i.40 A.M. and 4 Pil. two ellipses, the longer 
Ktiis of winch iv. iv ri.ii 'II' l':d iir very dii:'.;!vn[, dircrl.iooK I'nirn tins 
lines represent in;! thu i-n.'at diuinal sinlifii;; and nor-iirnal rising 



Maranta aruwlinaceti (Caonoceaj).— The blades of tho leaves, 
which arc furnished wilii a piilvmus, stand horizontally during 
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the day or between 10° and L«P above the horizon, niid at night 
vertically upwards. They therefore rise between 70° and 90° at 
night. The plant was placed at noon in the dark in the hot- 
house, and on the following day the movements of tho leaves 
wore traced. Between H.-ft) and 10 30 a.m. they rose, and then 
fell greatly till 1.37 p.m. But by 3p.m. they had again risen a 
little, and continued to rise during the rest, of the afternoon anil 
night ; on the following morning iln-y stood at the same level as 
on the previous day. Darken, therefore, during a day and a 
half does not interfere with the periodicity of (heir movements. 
On a warm lint stormy evening, tlie plant whilst being brought 
into the bouse, had its leave.- vii .lenity shaken, ami at night not 
one went to sleep. On the licit morning the plant was talien 
back to the hot-house, and again at night tho leaves did nol 
Bleep; but on the ensuing nigh? thoy iv.-c in the usual manner 
between 70° and 80°. Thin fact is analogous with what we 
have observed with elioilane- plants, namely, that much agitation 
cheeks for a time their power of cirenmnutation ; but the effect 
in this instance was ninth more sttuiislj marked and prolonged. 

Colocasia anti/umnm {t\ti:diu n i am.'-n'nm, Hort.J (Aroideje). 
—The leaves of tins plant sleep by their blades sinking in the 
evening, so as to stand highly inclined, or oven quite vertically 
with their tips pointing to the ground. They are not provided 
with n pulvinus. Tbu blade or one stood at noon 1° btneath the 
horizon; at4.20p.M.,y>°; nt6p.n.,43°; at 7.20 r M.,(i9° ; and at 
8 30 p.m., 68°; so it had now begun to rise ; at 10.loivM.it stood 
at 65°, and on the following early morning at 11° beneath the 
horizon. The eireunuiutation of another ynnng leaf (with its 
potiolo only 3,' inches, and the hladc 1 inches in length), was 
traced on a vertical glass during IS h. ; it was dimly ilhnninnted 
through a skylight, and this seemed to disturb the proper perio- 
dicity of its movements. Nevertheless, the leaf fell greatly 
during both, afternoons, till either 7.10 pji or 9 p.m., when it 
rose a little and moved laterally By an early hour on both 
mornings.it had assumed its diurnal position. The well-marl ed 
lateral movement for a short time in the early part of the night, 
was the only interesting fact which it [.resented, us this caused 
the ascending and descending lines not to Coincide, in accord- 
aneewith the general rule with eircumnntating organs. The 
movements of the leaves of this plant are thus of tho must 
Simple kind; and the tracing Is not worth giving. Wo have, 
seen that in another genus of the Aroidea;, namely, Pistia, the 
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leaves rise bo much at night that they may almost be said to 

ijtrtphiitm flarihundum* (Ur.imineo!). — Tlio oval leaves lire 

declined a little beneath the horizon during the day. Those 
on the upright culms simply riee up vertically at night, bo 
that their tips; are directed towards the Kenith. (Fig. 161.) 



fig. 16*. 




Stnphiwn florUmiiJum : culm- wii li Imvcs .lsirmi; fhu il.iy, and when aalte[j 
alnight. Kigurcs reduced. 

Horizontally extra' lot lu;;v,^ rn-isinEr from much inclined or 
almost horizontal culms, move at night so that their tips 
point towards the apex of the culm, with ono lateral margin 
directed towards the zenith; and in order to assume this 
position the leaves have to twist on their own axes through an 
anglo of nearly 90". Thus the surface of the blade always stands 
vertically, whatever may be the position of the midrib or of the 
leaf as a whole. 

The cireummitatifin of a young leaf (2-3 inches in length) wns 
traced during 48 h. (Fig. W>). The movement was remarkably 
simplo; the leaf descended from before G.40 a.m. until 2 or 
2.50 P.M., and then rose m as to stand vertically at about 6 p.m., 
desceuding again late in the night or in the very early morning. 



* A. Bmnsrilnrt first nbucrvnl In S™, Tint <lo France,' tnm. vil 
that the li-iLvcs n! 1 this plant and IBS", p. 470. 
of Hnrstl™ Uleep: aco •Bull, do 
26 
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On the second day tho dose 



Fur. 165, 




StrtpMam fior!hand«m : circumnu- 
latioD and nyctitropio morommt 
of n leaf, trocod from 9 i.u. Juno 

Hied slung the midrib. Apei nf 
Ifif H[ indies fl'iMii Hie vi-rlifiil 
glass; r'ant illnmlnoWd ft™ 
•bore. Ttmp. ■l^-ii\ 0 C. 



iliiiL' [mi- ::i r '/:.\i.': r 'Cii .sli^titly. As 
usual, t lit,- nscendin™ and dc- 
fnuulisii; lit'..!.-! di:L n:,i n>:n:'i.|c. 
On another occasion, when the 

vis.^W'-'-Ki 0 C, a leaAvas 
olscrved 17 times between 8.50 
a.m. and 12.16 r.u. ; it ciumenl 
its course by as much as a 
rectangle six times in this in- 
terval of 3 h. 26 m., and de- 
.sciiVil tii<! i;iv'i;ulac liiiiriirlc-i 
find a half. Tile k'iif, list- ri-i'oi-M, 
on this ociMsion tircuninulaled 
rapidly and in d coinploi 

ACOTYLEDOSS. 
-Viii-piV"! i.vad, if;Uu'a (Mnr- 
BiTeaceiB}.— The shape of a leaf, 

theday.is shown at A (Fig. 166)! 
Jiadi li.nllia is provided with 
a well-developed pulvinus. 
When the leaves sleep, tho two 
terminal leaflets rise up, twist 
half round and come into con- 
tact with one another (B), and 

ill's; all '-nil :)■■!* i']ilb;-:i:-i.l l>y tlio 

two lower leaflets (C); so tliflt 
tliu is: ill' Itii'iets with tin. ir lower 
Riirtiici's tunif.l outv.iiviin t'urin 

1 J 1 1 • - ■- ► I " rlii- Mll:il:i)t nl" tin; Imliulo 

of thu leaf figured asleep, is 
merely accidental. The plant 

tho temperature was only'a little 
a: ; uv L . i;u : r.. and the movement 
of one of tho leaflets (tho petiole 
having been secured) was traced 
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its fellow. The movement of another leaflet, when asleep, 
was traced between 6 p.m. and 10.35 p.m., and it clearly cir- 
cumnutatcd, for jt continued for two hours to sink, then rose, 
and then Bank still lower tlian it was at G p.m. It may be 
Keen in Ilia preceding figure (1G7) that the leaflet, when the 
plant was subjected to a rather low temperature in the house 
descended and ascended during tho middle of the day in a 
somewhat zigzag line; but when kept in tho hot-house from 
y A.M. to 3 P.M. at a, high but varying temperature (viz., between 
TJ^auilfWI'.) a leaflet (with the petiole secured) c ire urn nutated 
rapidly, for it made three large vertical ellipses in the course of 
the sis hours. According to Brjngtiiart, Marti/en pubescens sleeps 
like the present species. These plants are tliu sole cryptogamio 
ones known to sleep. 

Summary and Concluding Remarks on the Nyctitropic 
or Sleep-movements of Leaves.- — That these movements 
are in some maimer of high importance to the plants 
which exhibit them, few will dispute who have ob- 
served how complex they sometimes arc. Thus with 
Cassia, the leaflets which arc horizontal during tho 
day not only bend at night vertically downwards with 
the terminal pair directed considerably backwards, but 
they also rotate on their own axes, so that their lower 
surfaces are turned outwards. The terminal leaflet 
of Melilotus likewise rotates, by which movement one 
of its lateral edges is directed upwards, and at thn 
same time it moves either to the left or to the right, 
until its upper surface comes into contact with that of 
the lateral leaflet on the same side, which has like- 
wise rotated on its own axis. With Arachis, all four 
leaflets form together during the night a single 
vertical packet; and to effect this the two anterior 
leaflets have to move upwards and the two posterior 
ones forwards, besides all twisting on tlreir own axes. 
In the genus Sida the leaves of some species move at 
night through an angle of 90" 1 upwards, and of others 
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through the same angle downwards. We have seen a 
similar difference in the nyctitropic movements of the 
cotyledons in the genus Oxalis. In Lupinus, again, 
the leaflets move either upwards or downwards ; and 
in some species, for instance L. lutew, those on one 
side of the star-shaped leaf move up, and those on the 
opposite side move dmvu ; the intermediate unes rutu- 
tir.g on I heir axes ; ami by tlu'.so varied movements, the- 
whole lent' forms at night a vertical star instead of a 
horizontal one, as during the day. Some leaves and 
leaflets, besides moving cither upwards or downwards, 
become more or less folded at night, as in Bauhinia 
and in some species of Oxalis. The positions, indeed, 
which leaves occupy when asleep are almost infinitely 
diversified; they may point cither vertically upwards 
or downwards, or, in the case of leaflets, towards the 
apex or towards the base of the leaf, or in any inter- 
mediate position. They often rotate at least as much 
as 90" on their own axes. The leaves which arise 
from upright and from horizontal or much inclined 
branches on the same plant, move in some few cases 
in a different manner, as with Porlieria and Strephium. 
The whole appearance of many plants is wonderfully 
changed at night, as may he seen with Oxalis, and 
still more plainly with Mimosa. A bush of Acacia 
Famesiana appears at night as if covered with little 
dangling bits of siring instead of leaves. Excluding 
a few genera not seen by ourselves, about which we 
are in doubt, and excluding a few others the leaflets of 
which rotate at night, and do not rise or sink much, 
there are 37 genera in which the leaves or leaflets rise, 
often moving at the same lime iouards the apex er 
towards the base of the leaf, and 32 genera in which 
they sink at night. 
The nyctitropic movements of leaves, leaflets, and 
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pot ink's are o jTct! t c-i.I iu two 'liilVin.'iit "ays; firstly, by 
alternately increased growth on their opposite sides, 
proci-ded hv increased tiirgcoueiiee of the cells; and 
secondly by means of ft pnlvinns or aggregate of small 
cells, generally destitute of chlorophyll, which become 
alternately more turgesoent on nearly opposite sides ; 
and this tumescence is not followed by growth except 
during the early age of the plant A pulvinus seems 
to be formed (as formerly shown) by a group of cells 
easing To grow at a vcrv'early ago., and therefore docs 
not differ essentially from the surrounding tissues. 
The cotyledons of some species of Trifolium are pro- 
vided with a pulvinus, and others are destitute of one, 
and so it is with the leaves in the genus Sida. We 
see also in this same genus gradations in the state of 
the development of the pulvinus; and in Nicotiana 
we have what may probably bo considered as the 
commencing development of one. The nature of the 
movement is closely similar, whether a pulvinus is 



are habitually di-senbod hy the l.-iivos thus provided, 
whether they are young or so old as to have quite 
ceased growing. This fact of ellipses being described, 
shows that the alternately increased tur«ri. ■sconce of 
the cells does not occur on exactly opposite sides of die 
pulvinus, any more than the increased growth which 
causes the movements of leaves not furnished with 
pulvini. When a pulvinus is present, the nyctitropic 
movements are continued for a very much longer 
period titan when such do not exist This has beec 
amply proved in the case of cotyledons, and Pfeffei 
has given observations to the same effect with respect 
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to leaves. We have seen that a leaf of Mimosa 
yvdiea continued to move in the ordinary manner, 
though somewhat more simply, until it withered and 
died. It may he added that some leaflets of Trifolium 
pratense were pinned open during 10 days, and on the 
first evening after being released they rose up and 
slept in tiie usual manner. Besides the long con- 
tinuance of the movements when effected by the aid 
of a pulvinus (and this appears to be the final cause 
of its development), a twisting movement at night, as 
Pfeffer has remarked, is almost confined to leaves thus 
provided. 

It is a very general rule that the first true leaf, 
though it may differ somewhat in shape from the 
leaves on the mature plant, yet sleeps like them ; and 
this occurs quite independently of the fact whether or 
not the cotyledons themselves sleep, or whether they 
sleep in the same manner. But with Phaseohis E-jh'- 
hirghii the first uuifoliato leaves rise at night almost 
sufficiently to bo said to sleep, whilst the leaflets of 
the secondary trifoliate leaves sink vertically at night. 
On young plants of Sida rhombirfoh'a, only a few 
inches in height, the leaves did not sleep, though on 
rather older plants they rose up vertically at night. 
On the other band, the leaves on very young plants of 
Cytims ftagmna slept in a conspicuous manner, whilst 
on obi and vigorous bushes kept in the greenhouse, 
the leaves did not exhibit any plain nyctitropic move- 
ment. In the genus Lotus the basal stipulc-liko 
leaflets rise up vertically at night, and are provided 
with pulvini. 

As already remarked, when leaves or leaflets change 
their position greatly at night and by complicated 
movements, it can hardly be doubted that these must 
he in some manner beneficial to the plant. If so, we 
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must extent! the same conclusion to a large number of 
sleeping plants; for tko most complicated and thu 
simplest nyetitropic movements me connected together 
by the finest gradations. But owing to the causes spe- 
cified in the beginning of this chapter, it is impossible 
in some few cases to determine whether or not certain 
movements should be called nyetitropie. Generally, 
the position which the leaves occupy at night indi- 
cates wild sufficient clearness, that the benefit thus 
derived, is the protection of their upper surfaces from 
radiation into the open sky, and in many eases the 
mutual protection of all the parts from cold l>y their 
being brought into close approximation. It should be 
remembered that, il was proved in the last chapter, that 
leaves compelled to remain extended horizontally at 
night, suffered much more from radiation than those 
which were allowed to assume their normal vertical 
position. 

The fact of the leaves of several plants not sleeping 
unless they have been well illuminated during the 
day, made us for a time doubt whether the pro- 
tection of their upper surfaces from radiation was in 
all cases the final causo of their well-pronounced 
nyetitropic movements. But we have no reason to 
suppose that the illumination from the open sky, 
during even the most clouded day, is insufficient for 
this purpose ; and we should bear in mind that leaves 
which are shaded from being seated low down on the 
plant, and which sometimes do not sleep, are likewise 
protected at night from full radiation. Nevertheless, 
we do not wish to deny that there may exist cases in 
which leaves change their position considerably at 
night, without their deriving any benefit from such 
movements. 

Although with sleeping plants the blades almost 
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always assume at night a vertical, or nearly vertical 
position, it is a point of complete; indifference whether 
the apes, or the base, or one of the lateral edges, is 
directed to the zenith. It is a rule of wide generality, 
than whenever then; is any difference, in the degree of 
exposure to radiation b'jlweon the upper and the lower 
surfaces of leaves and leaflets, it is the upper which is 
the least exposed, as may be seen in Lotus, Cytisus, 
'i'rifolium, and other genera, In several species of 
Lupinus the leaflets do not, and apparently from 
tlieir structure cannot, place themselves vertically at 
TiiL'Ut. and eoDscr-piently their upper surfaces, though 
highly inclined, are more exposed than the lower ; and 
here we have an exception to our rule. But in other 
species of this genus the loallel, siaveud in [Oaeins 
themselves vertically; this, however, is effected by a 
very unusual movement, namely, by the leaflets on 
the opposite sides of the same leaf moving in opposite 
directions. 

It is again a very common rule that when leaflets 
come into close contact with one another, they do so 
by their upper surfaces, which arc thus best protected. 
In some cases this may be the direct result of their 
rising vertically ; but it is obviously for the pro- 
tection of lite upper surfaces that the leaflets of 
Cassia rotate in so wonderful a manner whilst sinking 
downwards ; and that the terminal leaflet of Meiilotns 
rotates and moves to our side until it meets the lateral 
leaflet on tho same side. When opposite leaves or 
leaflets sink vertically down without any twisting, 
their lower surfaces approach each other and some- 
times come into contact.; but this is the direct and 
inevitable result of their position. With many species 
of Oxalis tho lower surfaces of the adjoining leaflets 
are pressed together, and are thus better protected 
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thitn the upper surfaces; but this depends merely ou 
each leaflet becoming folded at night so as (u be able 
to sink vertically downwards. Tin: torsion or rotation 
of leaves anil leaflets, which occurs in so many cases, 
apparently always serves to bring their upper surfaces 
into close approximation with one another, or with 
other parts of the plant, for their mutual protection. 
We see this best in siii-h eases as those of Arachis, 
Mimosa albida, and llaisilea, in which all the leaflets 
form together at night a single vertical packet. If 
with Mimosa pudica tiio opposite lealiets bad merely 
moved upwards, their np[n;r surfaces would have come 
into contact and been well protected; but as it is, 
they all successively move towards the apes of the 
leaf; and thus not only their upper surfaces are pro- 
tected, but the successive pairs become imbricated and 
mutually protect one another as well as the petioles. 
This imbrication of the leaflets of sleeping plants is a 
common phenomenon. 

The nyctitropie movement of the blade ia gene- 
tally effected by the curvature of the uppermost part 
of the petiole, which lias often been modified into a 
pulvinus ; or the whole petiole, when short, may be 
thus modified. But the blade itself sometimes curves 
or moves, of which fact Bauhinia offers a striking 
instance, as the two halves rise up and come intc 
close contact at night. Or the blade and the upper 
part of the petiole may both move. Moreover, the 
petiole as a whole commonly either rises or sinks at 
night. This movement is sometimes large r thus the 
petioles of Cawia pultscom stand only a little above 
the horizon during the day, aud at night rise up 
almost, or quite, perpendicularly. The petioles of the 
younger leaves of Tli^modimn j/yrans also rise up ver- 
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carpaja, the petioles of some leaves sank down as 
much as 57° at night; with Arachis they sank 39°, 
ami then stood at right angles to the stem. Gene- 
rally, when the rising or sinking of several petioles on 
the same plant was measured, the amount differed 
greatly. This is largely determined by the age of the 
leaf: for instance, the petiole of a moderately old leaf 
of VesmodiuM ijyr'.ins r«si; only 46°, whilst the young 
ones rose up vertically ; that of a young leaf of Cassia 
fioribwntta. rose 41°, whilst that of an older leaf rose 
only 12°. It is a more singular fact that the age of 
the pin ui sometimes iniiiieiieus grtntlv [lie amount of 
movement ; thus with some young seedlings of a Bau- 
hinia the petioles rose at night 30° and ;S4°, whereas 
those on these same plants, when grown to a height 
of 2 or 3 feet, hardly moved at all. The position of 
the leaves on the plant as determined by the light, 
seems also to influence the amount of movement 
of the 'petiole; for no other cause was apparent 
why the petioles of some leaves of Mdilotus officinalis 
rose as much as 59°, and others only 7° and Q" at 
night. 

In the case of many plants, the petioles move at 
night in one direction and the leaflets in a directly 
opposite one. Thus, in three genera of Phaseoleie the 
leaflets moved vertically downwards at night, and the 
petioles rose in two of them, whilst in the third they 
sank. Species in the same genus often differ widely 
in the movements of their petioles. Even on the same 
plant of Liipinus imbcscena some of tho petioles rose 3l'°. 
others only 6", and others sank 4° at night. Tho 
leaflets of Cassia Bardayana moved so little at night 
that they could nut he said to sleep, yet the petioles 
of some young leaves rose as much as 34°. These 
several facts apparently indicate that the movements 



102 MODIFIED CIHCUMXUTATION. Chap. VII 



of the petioles ate not performed for any special pur- 
pose; though a conclusion of this kind is generally 
rash. When the leaflets sink vertically down at night 
and the petioles rise, as often occurs, h is certain that 
the upward movement of the latter does not aid the 
leaflets in placing themselves in their proper posi- 
tion at night, for they have to move through a 
greater angular spnee than would otherwise have been 
necessary. 

Notwithstanding what has just been said, it may be 
strongly suspected that in some cases the rising of 
the petioles, when considerable, does beneficially serve 
the plant by greatly reducing the surface exposed to 
radiation at night. If the reader will compare the 
two drawings (Fig. 155, p. 371) of Cassia pubescens, 
eopied from photographs, he will see (hat the dia- 
meter of the plant at night is about one-third of 
what it is by day, and therefore the surface exposed 
to radiation is nearly nine times less. A similar 
conclusion may be deduced from the drawings (Fig. 
149, p. 358) of a branch awake and asleep of Des- 
modium gyrans. So it was in a very striking manner 
with young plants of Bauhinia, and with OxaUs 

We are led to an analogous conclusion with respect 
to the movements of the secondary petioles of certain 
pinnate leaves. The pinna* of Mimosa pudica con- 
verge at night; and thus the imbricated and closed 
leaflets on each separate pinna are all brought close 
together into a single bundle, and mutually protect 
one another, with a somewhat smaller surface exposed 
to radiation. With Attrizzia. hphaiitha the pinnte close 
together in the same manner. Although the pinnra 
of Acacia Farnesiana do not converge much, they 
sink downwards. Those of JSaptunia oleracea likewise 
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move downwards, as well as backwards, towards the 
base of the leaf, whilst the main petiole rises. With 
Schrankia, again, the pimiio are depressed at night. 
Now in these three latter casus, though the pinna) 
do not mutually protect one another at night, yet 
after having sunk down they expose, as does a 
dependent sleeping leaf, much less surface to the 
zenith and to radiation than if they had remained 
horizontal. 

Any one who had never observed continuously a 
sleeping plaat, would naturally .siippuse that (lie leaves 
moved only in the evening when going to sleep, and 
in the morning when awaiting ; but he would be quite 
mistaken, for we have found no exception to the rule 
that leaves which sleep continue to move during the 
whole twenty-four hours; they move, however, more 
quickly when going to sleep and when awaking than 
at other times. That they are not stationary during 
the day is shown by all the diagrams given, and by 
the liiauy more which were traced. It is troublesome 
to observe the movements of leaves in the middle of 
the night, but this was done in a few cases; and 
tracings were made during the early part of the night 
of (ho movements, in the ease of Oxalis, Ampliiearprea, 
two species of Erythrina, a Cassia, Passiflora, Euphorbia 
and Marsilea ; and the leaves after they had gone to 
sleep, were found to be in constant movement. When, 
however, opposite leaflets come into close contact with 
one another or with the stem at night, they are, as we 
believe, mechanically prevented from moving, but this 
point was not sufficiently investigated. 

When the tiioveiiumls d aict-piii^ leaves are traced 
during twenty-four hours, the ascending and descend- 
ing lines do not coincide, except occasionally and by 
accident for a shoit space; so that with many plants a 
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hours. Such ellipses arc generally narrow and ver- 
tically directed, for the amount of lateral movement k 
small. That there is muu; lateral movement is shown 
by the ascending and descending lines not coinciding, 
and occasionally, as with Desmodium gyrana and Tlialia. 
dealbata, it was sirongly marked. In the case of Meli- 
lotus the ellipses described by the terminal leaflet 
during the day are laterally extended, instead of ver- 
tically, ;<s is usual : anil this fact widonlly -(lands in 
relation with the terminal leaflet moving laterally 
when it goes to sleep. With the majority of sleeping 
plants tli-;. 1 leaves oscillate more than once up and 
down in the twenty-four ho'TS ; so that frequently two 
ellipses, one of moderate size, and one of very large size 
which includes the nocturnal movement, are described 
within the twenty-four hours. For instance, a leaf 
which stands vertically up during the night will sink 
in the morning, then rise considerably, again sink in 
the afternoon, and in the evening reascend and assume 
its vertical nocturnal position. It will thus describe, 
in the course of the twenty-four hours, two ellipses of 
unequal sizes. Other plants describe within the same 
time, three, four, or five ellipses. Occasionally the 
longer axes of the several ellipses extend in different 
directions, of which Acacia Farnesiana offered a good 
instance. The following cases will give an idea of the 
rate of movement; Oxalis acetosdla completed two 
ellipses at the rate of 1 h. 25 m. for each ; Marsilea 
tjuadrifoliata, at the rate of 21).; Trifolium nub/crraneum, 
one in 3 h. 30 m. ; and Arachis hypogxa, in 4 h. 50 m. 
But the number of ellipses described within a given 
time depends largely on the state of the plant and 
on the conditions to which it is exposed. It often hap- 
pens that a single ellipse may be described during one 
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day, and two on the next Erythrina corallodendron 
made four ellipses on the first day of observation 
and only a single one on the third, apparently owing 
to having been kept not sufficiently illuminated and 
perhaps not warm enough. But there seems likewise 
to be ;m innate tendency in different, species of the 
same genus tu make a different number of ellipses in 
the twenty-four hours : the leaflets of Trifolium repent 
made only one ; these of T. rvsitpmaiu-M two, mid those 
of T. wuhterraneum three in tiiis time. Again, the 
leaflets of Ozalix Piumnrii made a single ellipse ; these 
of 0. luph'urifoUn., t» o : these of 0. I uldiviaua. two or 
tliree ; and those of 0. aceiostlla, at least five in the 
twenty-four hours. 

The line followed by the apex of a leaf or leaflet, 
whilst describing one or more ellipses during the day, 
is often zigzag, either throughout its whole course or 
only during the morning or evening : Uobinia offered 
an instance of zigzagging confined to the morning, 
and a similar movement in the evening is shown in 
the diagram (Fig. 126) given under Sida. The amount 
of the zigzag movement depends hugely on the plant 
being placed under highly favourable conditions. But 
even under such favourable conditions, if the dots which 
murk the position of the apex are made at consider- 
able intervals of time, and the dots are then joined, 
the course pursued will still appear comparatively 
simple, although the number of the ellipses will be 
increased ; but if dots are made every two or three 
minutes and these arc joined, the result often is that 
all the lines are strongly yigwg, many small loops, 
triangles, and other figures being also formed. This 
fact is shown in two parts of the diagram (Fig. 150) 
of the movements of Desmodium gyrans. Strephium 
floribundvm, observed under a high temperature, 



tOO MODIFIED CI ItCUM NUTATION. Chap. VII 

made several little triangles at the rate of 43 m. 
for each. Miiitoxi [/udir.a, similarly observed, de- 
scribed three little ellipses in 67 m.; and the apex 
of a leaflet crossed of an inch in a second, or 
0-12 inch in a minute. The leaflets of Averrhoa 
made a countless number of little oscillations when 
the temperature was high and the sun shining. The 
zigzag movement may in all cases be considered as 
an attempt to form small loopB, which are drawn out 
by a prevailing movement in some one direction. The 
rapid gyrations of the little lateral leaflets of Des- 
modium belong to the same class of movements, 
somewhat exaggerated in rapidity and amplitude. 
The jerking movements, with a small advance and 
still smaller retreat, apparently not exactly in the 
same line, of the hypocotyl of the cabbage and of 
the leaves of Diomea, as seen under the microscope, 
all probably come under this same head. We may 
suspect that we here see the energy which is freed 
during the incessant chemical changes in progress in 
the tissues, converted into motion. Finally, it should 
be noted that leaflets and probably some leaves, whilst 
describing their ellipses, often rotate slightly on their 
axes ; so that the plane of the leaf is directed first to 
one and then to smother side. This was plainly seen 
to be the case with the large terminal leaflets of Des- 
modium, Erythrinsi and Amphicarpa:a, and is probably 
common to iill leaflets provided with a pulvmus. 

"With "aspect to the periodicity of the movements of 
sleeping leaves, Pfeffer* has so clearly shown that 
this depends on the daily alternations of light and 
darkness, that nothing farther need be said on this 
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head. But we may recall the behaviour of Mimosa 
in the North, where the sua does nut set, and the 
complete inversion of the daily movements by artificial 
light and darkness. It has also been shown by us, 
that although kayos subjected to r! ark 71 ess for a mode- 
rately long time continue to circumnutate, yet the 
periodicity of their movements is soon greatly dis- 
turbed, or quite annulled. The presence of light or 
its absence cannot be supposed to be the direct cause 
of the movements, for these are wonderfully diversified 
oven with the leaflets of the same leaf, although all 
have of course been similarly exposed. The move- 
ments depend on innate causes, and are of an adaptive 
nature. The alternations of light and darkness 
merely give notice to the leaves that the period has 
arrived for them to move in a certain manner. Wo 
may infer from the fact of several plants (Tropaiolum, 
Lupinus, &e.) not sleeping unless they have been well 
illuminated during the day, that it is not the actual 
decrease of light in the evening, but the contrast 
between the amount at this hour and during the early 
part of the day, which excites the leaves to modify 
their ordinary mode of circumnutation. 

As the leaves of most plants assume their proper 
diurnal position in tho morning, although light be 
excluded, and as the leaves of some plants continue to 
move in the normal manner in darkness during at 
least a whole day, we may conclude that the periodi- 
city of their movements is to a certain extent in- 
herited." The strength of such inheritance differs 
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much in different species, and seems never to be rigid ; 
for plants have been introduced from all parts of the 
world into our gardens and greenhouses ; and if their 
movements had been at all strictly fixed in relation to 
the alternations of day and night, they would have 
slept in this country at very different hours, which 
ie not the case, moreover, it has been observed that 
sleeping plants in their native homes change their 
times of sleep with the changing seasons." 

We may now turn to the systematic list (p. 320). 
This contains the names of all the sleeping plants 
known to us, though the list undoubtedly is very 
imperfect. It may be premised that, as a general 
rule, all the species in the same genus sleep in 
nearly the same manner. But there are some ex- 
ceptions; in several large genera including many 
sleeping species (for instance, Oxalis), some do not 
sleep. One species of Melilotus sleeps like a Tri- 
fiiliurii, iiml t)n-.T<;iori; wry differently from its con- 
geners ; so does one species of Cassia. In the genus 
Sida, the leaves either rise or fall at night ; and with 
Lupinus they sleep in three different methods. Re- 
turning to the list, the first point which strikes us, is 
that there are many more genera amongst the Legu- 
minosre (and in almost every one of the Leguminous 
tribes) than in all the other families put together; 
and we aru tempted to connect this fact with the great 
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mobility of tho sterna and leaves in this family, as 
shown by the largo number of climbing species which 
it contains. Next to the Leguminosie come the Mal- 
vaceae, together with some closely allied families. But 
by far the most important point iu the list, is that we 
meet with sleeping plants in 28 families, in all I lie 
irrcat division? of the I'hanemiraiiiie series, utid in one 
Cryptogam. Now, although it is probable that with 
the Leguminosfe the tendency to sleep may have been 
inherited from one or a few progenitors, and possibly 
so in the cohorts of the Hal vales and Chenopodiales, 
yet it is manifest that the tendency must havo been 
acquired by tho several genera in the other families, 
quite independent] y of one another. Hence the ques- 
tion naturally arises, how has this been possible ? 
and the answer, we cannot doubt, is that leaves owe 
their nyctitropic movements to their habit of cir- 
cumnutating, — a habit common to all plants, and 
everywhere ready for any beneficial development or 
modification. 

It lias been shown in the previous chapters that the 
leaves and cotyledons of all [dams arc continually 
moving up and down, generally to a slight but some- 
times to a considerable extent, and that they describe 
either one or several ellipses in the course of twenty- 
four hours ; they are also so far affected by tho alter- 
nations of day and night that they generally, or 
at least often, move period ieally to a small extent; 
and here wo have a busis lor the development of the 
greater nyctitropic movements. That the movements 
of leaves and cotyledons which do not sleep come 
within the class of circumnutating movements cannot 
be doubted, for they ore closely similar to those of 
hypocotyls, epicotyls, the stems of mature plants, and 
of various other organs. Now, if we take the simplest 
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case of a sleeping leaf, we see that it makes a single 
ellipse in the twenty-four bonis, which resembles one 
described by a non-sleeping l.. ;if in every respect, except 
that it is much larger. In Win cases the course pursued 
is often zigzag- As all non-sleeping leaves are inces- 
santly cireuninu idling, we must conclude that a part 
at least of the upward and downward movement of one 
that sleeps, is due to ordinary cireum nutation ; and it 
seems altogether gratuitous to rank the remainder of 
the movement uu5er a »h..>lly different head. With 
a multitude of climbing plains lin- ellipses which they 
describe have been greatly increase-.! for another pur- 
pose, namely, catching hold of a support. With these 
climbing plants, the various circumnutating organs have 
been so tar modified in relation to light that, differently 
from all ordinary plants, they do not bend towards it. 
With sleeping plants the rate and amplitude of the 
movements of the leaves have been so far modified in 
relation to light, that they move in a certain direction 
with the waning light of the evening and with the 
increasing light of the morning more rapidlv, and to 
a greater extent, than at other hours 

But the leaves and cotyledons of many non-sleeping 
plants move tu a much more complex manner than in 
the cases just alluded to. lor thev describe two, three, 
or more ellipses in the course of a day. Xow, if a 
plant of this kind were converted into one that slept, 
one side of one of the several ellipses which each 
leaf daily describes, wotdd have to be greatly increased 
in length in the evening, until the leaf 'stood ver- 
tically, when it would go on circumnutating about the 
same spot. On the following morning, the side of 
another ellipse would have to be similarly increased 
in length, so as to bring the leaf back again into its 
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until the evening. If the reader will lock, fur in- 
stance, at the diagram (Fig. 142, p. 351), representing 
the nyctitropic movements of the terminal leaflet of 
Trifolium subterraiumn, remembering that the curved 
broken lines at tho top ought to be prolonged much 
higher up, he will see that the great rise in the evening 
find the great fall in the morning together form a 
large ellipse like one qf those described during the 
daytime, differing only in size. Or, he may look at 
the diagram (Fig. 103, p. 236) of the 3£ ellipses 
described in the course of 6 h. 35 m. by a leaf of 
Lupimis speciosus, which ia one of the species in this 
genus that does not sleep ; and he will see that by 
merely prolonging upwards the line which was already 
rising late in the evening, and bringing it down 
again next morning, tiie diagram would represent the 
movements of a sleeping plant. 

With those sleeping plants which describe several 
ellipses in the daytime, and which travel in a strongly 
zigzag line, often making in their ennrse. minute loops, 
triangles, &c, if as soon as one of the ellipses begins 
in the evening to be greatly increased in size, dots are 
made every 2 or 3 minutes and these are joined, the 
line then described is almost strictly rectilinear, in 
strong contrast with the lines made during the day- 
time. This was observed with Besmodivm gyrans and 
Mimosa pudiaa. With this latter plant, moreover, the 
pinnas converge in the evening by a steady move- 
ment, whereas during the day they are continually 
converging and diverging to a slight extent. In all 
such cases it was scarcely possible to observe the 
difference in the movement during the day and even- 
ing, without being convinced that in the evening the 
plant saves the expenditure of force by not moving 
laterally, and that its whole energy ia now expf jded 



112 MODIFIED CIECL'MXUTATION. Cmp. \U 



in gaining quickly its proper nocturnal position by 
a direct course. In several other cases, fur instance, 
when a. leaf after describing during the day one or 
more fairly regular ellipses, zigzags much in the 
evening, it appears us if energy was being expended, 
80 that the great evening rise or fall might coin- 
cide with the period of the day proper for this 

The most complex of all the movements performed 
by sleeping plants, is that when leaves or leaflets, 
after describing in the daytime several vertically 
directed ellipses, rotate greatly on their axes in the 
evening, by which twisting movement they occupy 
a wholly different position at night to what they do 
during the day. .For instance, the terminal leaflets 
of Cassia not only move vertically downwards in the 
evening, but twist round, so that their lower surfaces 
face outwards. Such nuivcnu nls are wholly, or almost 
wholly, confined to leaflets provided with a pnlvinus. 
But this torsion is not u new kind of movement 
introduced solely for the purpose of sleep; for It 
has been shown that some leaSets whilst describing 
their ordinary ellipses during the daytime rotate 
slightly, causing their blades to face first to one sic"e 
and then to another. Although we can see how the 
slight periodical movements of leaves in a vertical 
plane could he easily converted into the greater yet 
simple nyctitropic movements, we do not at present 
know by what graduated steps the more complex 

have been 'acquired. A probable explanation could 
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and cotyledons, is merely a modification of their ordi- 
nary circumnutating movement, regulated in its period 
and amplitude by the alternations of light and dark- 
ness. The object gained is the protection of the upper 
surfaces of the leaves from radiation at night, often 
combined with the mutual protection of the several 
parts by their close approximation. In such cases as 
those of the leaflets of Cassia — of the terminal leaflets 
of Melilotus— of ail the leaflets of Arachis, Alarsilea, 
&c. — we have ordinary circumnutation modified to the 
oxtreme extent known to us in any of the several great 
classes of modified ci renin nutation. On this view of 
the origin of iiyctitropisin we can understand how it 
is that a few plants, widely distributed throughout the 
Vascular series, have been able to acquire the habit of 
placing the blades of their leaves vertically at night, 
that-is, of sleeping,— a fact otherwise inexplicable. 

The leaves of some plants move during the day in 
a manner, which has improperly been called diurnal 
sleep ; for when the sun shines brightly on them, they 
direct their edges towards it. To such cases we shall 
recur in the following chapter on Heliotropism. It 
has been shown that the leaflets of one form of 
Portieria hygrometrioa keep closed during the day, as 
long as the plant is scantily supplied with water, in 
the same manner as when asleep ; and this apparently 
serves to cheek evaporation. There is only one other 
analogous case known to us, namely, that of certain 
Graminea;, which fold inwards the sides of their narrow 
leaves, when these are exposed to the sun and to a 
dry atmosphere, as described by Duval-Jouve." We 
have also observed the same phenomenon in Elyimu 
arenareus. 
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There is another movement, whit;]] Bince the time 
of Linmeus has generally Ixvn culled sleep, namely, 
that of the petals of the many flowers which close at 
night. These mo vemcnts have been ably investi gated 
by Pfefler, who has shown (as was first observed by 
liofmeister) that they are caused or regulated more 
by temperature than by the alternations of light and 
darkness. Although they cannot fail to protect the 
organs of reproduction from radiation at night, this 
does not seem to be their chief function, but rather 
tho protection of the organs from cold winds, and 
especially from rain, during the day. The latter 
seems probable, as Kemer- has shown that a wideiy 
different kind of movement, namely, the bending down 
of the upper part of the peduncle, serves in many 
cases the same end. The closure of the flowers will 
also exclude nocturnal insects which may be ill-adapted 
for their fertilisation, and the well-adapted kinds at 
periods when the temperature is not favourable for 
fertilisation. Whether tbese movements of the petals 
consist, as is probable, of modified circum nutation we 
do not know. 

Emhryologg of Leaves. — A few facts have been in- 
cidentally given in this chapter on what may be called 
the embryology of leaves. With most plants the 
first leaf which is developed after the cotyledons, 
resembles closely the leaves produced by the mature 
plant, but this is not always the case. Tho first 
leaves produced by some spycics uf J >i 'osera, for instance 
by D, Capenzis, differ widely in shape from those 
borne by the mature plant, and resemble closely the 
eaves of D. rotu»difolia, a,s was shownjo us by Prof. 
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the gorse, or Ulex, is not Borrow and acinose like the 
older leaves. On the other hand, with many Legumi- 
nous plants, for instance, Cussia, Acacia hphantha, (fee., 
the first leaf has essentially the same diameter as the 
older leaves, excepting that it bears fewer leaflets. In 
Trifolium the first leaf generally bears only a single 
leaflet instead of three, and this differs somewhat in 
shape from the corresponding leaflet on the older leaves. 
Now, with Trifolium Parmonicum the first true leaf on 
some seedlings was naif oliate, and on others completely 
trifoliate ; and between these two extreme states there 
were all sorts of gradations, some seedlings bearing 
a single leaflet more or less deeply notched on one 
or both sides, and some bearing a single additional 
and perfect lateral leaflet. Here, then, we have the 
rare opportunity of seeing a structure proper to a more 
advanced age, in the act of gradually encroaching on 
and replacing an earlier or embryological condition. 

Tin; genus Mel Hot us it clusdv ailied to Trifolium, and 
the first leaf bears only a single leaflet, which at night 
rotates on its axis so as to present one lateral edge to 
the zenith. Hence it sloops like the terminal leaflet 
of a mature plant, us was observed in LC> species, ami 
wholly unlike the corresponding leaflet of Trifolium, 
which simply bends upwards. It is therefore a curious 
fact that in one of these 15 species, viz., M. Taurica (and 
in a lesser degree in two others), leaves arising from 
young shoots, produced on plants which had been cut- 
down ami Jte.pl in pots during I lib winter in the green- 
house, slept like the leaves of a Trifolium, whilst the 
leaves on the fully-grown branches on these same 
plants afterwards slept normally like tl ose of a Meli- 
lotus. If young shoots rising from the ground may 
be considered as new individuals, partaking to a certain 
extent of the nature of seedlings, then the peculiar 
manner in which their leaves slept may be considered 
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as an embryologies! habit, probably the result of Meli- 
lotus being descended from some form which slept like 
a 'frifolium. This view is partially supported by the 
leaves on old and young branches of another species. 
At. Metmtienris (not included in the above 15 species); 
always sleeping like those of a Trifolium. . 

The fir-it true leaf of Mimom. a&ida consists of it 
simple petiole, often bearing three pairs of leaflets, all 
of which are of nearly equal size and of the same 
shape : the second leaf differs widely from the first, 
and resembles that on a mature plant (see Fig. 159, 
p. 37!t), for it consists of two pinna;, each of which 
(wars two pairs of leaflets, of which the inner basal 
one is very small. But at the base of each pinna 
there is a pair of minute points, evidently rudiments 
of leaflets, for they are of unequal sizes, like the two 
succeeding leaflets. These rudiments are in one sense 
embryologies], for they exist only during the youth of 
the leaf, falling off and disappearing as soon as it is 
fully grown. 

With Dexmodium gijram the two lateral leaflets are 
very much smaller than the corresponding leaflets in 
most of tlie species in this large genus ; they vary 
also in position and size ; one or both are sometimes 
absent ; and they do not sleep like the fully-developed 
leuflclH. They may therefore be considered as almost 
rudimentary ; and in accordance with the general prin- 
ciples of embryology, (hey ought to be more constantly 
and fully developed on very young than on old plants. 
Kilt this is not the case, for they were quite absent 
on some young seedlings, and did not appear until 
from 10 to 20 leaves had been formed. This fact 
leads to the suspicion that D. gyrans is descended 
through a uuilbliate form (of which some exist) from 
I into species ; and that the little lateral leaflets 
rmippear through reversion. However thi3 may be, 
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the interesting fact of the pulvini or organs of move- 
ment of these little leaflets, not having Ijeen reduced 
nearly so much as their blades— taking the large 
terminal leaflet as the standard nf comparison — gives 
us probably the proximate euuse of their extrao' -liiiai j 
power of gyration. 
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Sachs first clearly pointed out the important dif- 
ference between the action of light in modifying the 
periodic muvenients of leaves, !ind in causing them to 
bend towards its source." The latter, or hcliotropic 
movements are determined by the direction of the light, 
whilst periodic movements are affected by ehanges in 
its intensity and not by its direction. The periodicity 
of the eireum nutating movement often continues for 
some time in darkness, as we have seen in Urn last 
cliaptcr ; whilst hcliotropic bending ceases very quickly 
when the light fails. Nevertheless plants which have 
ceased through long-continued darkness to move pe- 
riodically, if re-exposed to the light are still, according 
to Sachs, helio tropic 

Apheliotropiam, or, as usually designated, negative 

• • Pliysioloizie Vog' (Ficusli 'I'mi i slat ion), lSUfi, pp. 517, 4c 
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heliotropism, implies that a plant, when unequally 
illuminated on the two sides, bends from the light, 
instead of, as in the last sub-class of cases, towards it; 
hut apheliotropi>m is comparatively rare, at least in a 



tropismus " of Frank, which we will here call diahelio- 
tropism. Parts of plants, under this influence, place 
themselves more or less transversely to the direction 
whence the light proceeds, and are thus fully illumi- 
nated. There is a fourth suh-class, as far as the final 
cause of the movement is concerned ; for the leaves of 
some plants when exposed to an intense and injurious 
amount, of Hsilit dinvrt thnr. solves, by rising or sinking 
or twisting, so as to be less intensely illuminated. 
Such movements luivo sometimes been called diurnal 
sleep. If thought advisable, they might be called 
parahel iotropic, and this term would correspond with 
our other terms. 

It will be shown in the present chapter that all Lhe 
movements included in these four sub-classes, con- 
sist of modified circumnutation. We do not pretend to 
say that if a part of a plant, whilst still growing, did not 
jireumnutatc— though such a supposition is most im- 
probable— it could not bend towards the light; but, as 
a matter of fact, heliotropism seems always to consist 
of modified uireimiiiutation. Any kind of movement 
in relation to light will obviously bo much facilitated 
by each part circumnutating or bending successively 
. in all directions, so that an already existing movement 
has only to be increased in some one direction, and to 
be lessened or stopped in the other directions, in order 
that it should become helioTropk-, apheliotropic, &c, 
as the case may be. In the next chapter some obser- 
vations on the sensitiveness of plants to light, their 
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rate of bending towards it, and the accuracy with 
which they point towards its source, See., will be 
given. Afterwards it will be shown — and this seems 
to us a point of much interest — that sensitiveness to 
light is sometimes confined to a small part of the 
plant; and that this part when stimulated by light, 
transmits an inlluonee to distant parts, exciting them 
to bend. 

Ildiotropism. — When a plant which is strongly 
Ikdiotvupie (and species ditl'ur much in this respect) 
is exposed to a bright lateral light, it bends quickly 
towards it, and the course pursued by the stem is 
quite or nearly straight. But if the light is much 
dimmed, or occasionally interrupted, or admitted in 
n lfig only a slightly oblique direction, 

' : the course pursued is more or less 

zigzag ; and as we have seen and 
shall again see, such zigzag move- 
ment results from the elongation or 
drawing out of the ellipses, loops, 
&c., which the plant would have de- 
scribed, if it had been illuminated 
from above. On several occasions 
. we were much struck with this fact, 
■ whilst observing the circumnuta- 
; tioii of highly sensitive seedlings, 
1 which were unintentionally illu- 
s ruinated rather obliquely, or only 
1 at successive intervals of time. 



were kept covered up, except du; 
;ion ivhicli lasted for only a minute or two; but 
id Hir-ir hypniotvls lxmcd 1 limisflves fo tha ( 
! light occasionally entered, in lines which I 
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only slightly zigzag. Although nut a single ellipse was even 
approximately formed, »c inferred ;v-.>i:l the; zigzag lines — and, 
as it proved, correelly — that their hypocotyls were ci re umim lu- 
ting, for on the following day these same seedlings wore placed 
ii; completely darkened room, and word observed each l.inie by 
~io aid of a small wax taper held almost 



With" ; 



fig. 109. 



1^ glass i 



nutated (Fig. lm, and Kg. 30, formerly 
given, p. yet they moved a short 

distance towards the side where the taper 
was held up. If we look at these diagrams, 
and suppose that the taper had been held 
more on one side, and that the hypocotyls, 
still circumnutating, had bent themselves 
within the same timo much more towards 
the light, long zigzag linos would ob- 
viously have been the result. 

Again, lw.> seedlings of ■nn 'iy::>- 

■p-rnicum were ill nniiiniied from iiiiiivc, 
but accidentally a little mora light entered 
on one than on any other sido, and their 
hypocotyls became slightly bowed towards 
the brighter side; they moved hi a zigzag 
line and described in their course two little 
triangles, as seen in Fig. 37 (p. 60), and 
in another tracing not given. The sheaf] i- 
liko cotyledons aiZeamays behaved, under 
nearly similar circumstances, in a nearly 
similar manner, as described in our first A 
chapter (p. 64), for they bowed themselves nmnVi'owThen^ 
during the wholo day towards one siiie, cotyledon (lj inch in 
making, however, in their course some height) tracsii on^liori- 
conspicuous flexures. Before we knew to 10 25 ph Oct irith 
lifiW greatly ordinary e.ireo in nutation was 

modified by a lateral light, somo seedling oats, with rat'ier old 
and therefore not highly sensitive eofyledons, were placed in 
front of a north-east win: low, t< 'Maris which they bent all day in 
a strongly zigzag course. Oo the following day they continued 
to bend in the same directiou (Fig. 169), but zigzagged much 
less. The sky, however, became between 12.40 and 236 p.*. 
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inly tlie cotyledons cireuninutale.d 

value, from havim- Im.'ii made when we were 
suit attending [n lieliotropism ; and they led 
us to experiment on several kinds of seed- 
lings, t'V exposing them to a dim lateral lijdit, 
eo is to obBerye the gradations between 
ordinary circumnutation .and iieliott'ni'ism. 
Sif.lliiif:.- in ]mtn ivr-ve. pliieed in front of, 
find almiit a yard from, a north-east window; 
on each side and over the pots black boards 
were placed; in the tear the pots were open 
to the diffused liu-ht of the room, whieli 
had a second north-east and a north-west 
window, lly hanging up one or more blinds 
before the window where the seedlings stood, 
it was easy to dim the light, so that very 
little more entered on this side than on the 
opposite one, which received the diffused 
light of the room. Late in the cvoning the 
Hipi'ls wen 1 Mk-ee^sively removed, and as file 
] ■!: l n I k liiid 1 6 on subji-i-ied during the dny !o 
a very o! we u re lidit. they r.-out imied to bend 
towards the window Infer in the e vernns; thai: 
would otherwise have occurred. Moat of the 
seedlings were selected because they nvrc 
known to le highly sensitive to li^hl, ami 
:d- 3 1 1 l C 1 because they were but Mftle sensitive, 
or had become so from having grown old. 
The movements were traced in the usual 
a hovi7.ont.il ^iaiis cover; a fine 
fdil-s lilainent. ivilb liillii triangles of paper 
" *"g having [joen cemented in an upright position 
a£fi to the bypocotyls. Whenever the Btem or 
— T> hypocotyl became much bowed towards the 
§ 'tis light, the latter part of its course had to 
°>-| | bo traced on a vertical glass, parallel to the 
■jT" window, and at right angles to the horizontal 



IT?. 



Apiot grav;dlens.-~- The hypocotyl bends ii 



l feiv hours. r> 
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jjnlarly towards a bright lateral light. In order to ascertain 
how straight a '"oorsi: it would pursue when fairly weil illumi- 
nated on one side, seedlings wero first placed before a south-west 
window on a cloudy and rainy morning ; and Hit movement of 
two hypocoiyls weio triw;i:d for ;} li., iliiring wbii h time thoy 
became greatly bowed towards the light. One of these tracings 
is given on p. 422 (Fig. 170J, and the course may be seen to be 
almost straight. Bat the amount of light on this occasion was 
superfluous, for two seedlings were placed before a north-east 
window, protected by an ordinary linen and two muslin blinds, 
yet their hypocotyls moved towards this rather dim light in 
only slightly zigzag lines ; but after i p.m., as the light waned, 
tho lines became distinctly zigzag. One of these fcodlings. 
Wore over, dc^cri'ifd ;i: ilie al'ieriuiini an ollirse of eonsidciablo 
size, with its longer axis directed towards the window. 



shadow [pointing from the window] which could only just 
be distinguished. Yet this very slight oicoss of light on 
tiuo sido suilieed to e:ni?e tho hyfioeotyls of all the seedlings 
imwedialely to !:ejrin (tending in ?.\' t i7.s?. lines town-ids the 
window. The course of one is shown at A (Fig. 171): after 
moving towards the window from 10.50 a.m. to 12.48 p.m. it 
hunt from the window, and then ru turned in a nearly parallel 
lire; that is, it a : most loniple'ed between I'J.-iW and i! p.m. 
a narrow ellipse. Late in the evening, as the light waned, 
the hypocotyl ceased iobietid t.iiwunis i-iu window, and circum- 
nutated on a small scale round the same spot ; during the night 
it moved con side rably backwards, that is, became more upright, 
through tho action of apogeotropism. At B, wo have a tracing 
of the movements of another seedling from tho hour (10.50 A.M.) 
when the towel was removed; and it is in all essential respect* 
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manner over nearly the same space, and a figure Formerly given 
is here reproduced (Fig. 172). If the hyjiomtvl is exposed to 
a moderately strong lateral light it mores quickly towards this 
eide, travelling in a straight, or nearly straight, line. But when 
the lateral light is very dim its course is extremely tortuous, and 
en I'o'l; ■ •*-ml? ■•( ui*Jiii-..l <-ir> 'tmii utali -a reviling* 
placed before a north-east window, protected by a linen and 
muslin blind and by a towel. The sky was cloudy, and when- 
over the clouds grew a little lighter an additional muslin blind 
was temporarily suspended. The light from the window was 



flrotiifci oleracea ordinary circumn Dinting miiemont of the hypoeotyl of 
a seedling plant. 

thus so much obscured that, judging by the unassisted eye, the 
seedlings appeared to recede more light from the interior 
of tho room than from the window; but this was not really 
th(t capo, as was shown by a very faint shadow cost by a pencil 
mi a caul, tievertlielc-fs, this oxtmiiioly f-rr.n.11 excess of light 
on one side caused the hypoeotyls, which in the morning had 
stood upright, to bend at right angles towards the window, 
so that in the evening (after 4.23 p.m.) their course had to he 
traced on a vertical glass parallel to the window. It should he 
stated that at 3.30 f.m., by which time tho sky had become 
darker, the towel was removed and replaced by an additional 
muslin blind, which itself was removed at 4 p.m., the other two 
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blinds being left suspended. In Fig. 173 the course pursued, 
between b'.9 a.k. and 7.10 p.m., by one cf the hypocotyls thru 
Rg. 173. 




Bjmisi>-7 T.-..T- . .r r..[.b.- m..vi.mr :it r.ni! circniYimit.iti™ of a hjporoty! 

towards a my dim loteral light, h\i.-c<! tlnrhsi: 11 l'i urs, »n i horiifTrtn] 
g!..!s in the in-miii'.'. ;:n 1 .jis a vcrti.-ul jjhss in the ovtniii'. Figure 
reduced io uno-third of the original suds. 

exposrd ia shown. It may be observed Hint during the first 
1G m. the hypocofyl moved obliquely from the light, and this. 
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110 doubt, v 



> its tli 



or never prodi 
quarters of on liour had 
time the light had become 
obscure, the hypocotyl 
began to circumnulate 
about the same spot. The 
contrast between the two 
figures (172 and 173) 



mnulatmg in this direction 
edly observed, and a dim light rarelj 
Beet until from a quarter to throo- 
elapscd. After 5.15 r.M., bj which 



ild 
strikin 



if tl 



nified, and have been re- 
duced to only one-half of 
the original scale; whereas 



1 7:1 ™ 



eat 



first less magnified, and 
have been reduced to a 
one -third scale. A tracing 
made at the same time 
with the last of the 



pre 



ad 



closely analogous appear- 
ance; but it did not bend 
quite bo much towards the 
light, and it circumnu- 
tated wtk'r 1:1011; i-hui^v. >'™'' ri ' ''"<«™^ MWmpe ™yc„ 
* . J nn.i i-imntiniitiiliiiii nfa rslliiT I'M t. 

tnwnrrsa.Lul! l.itnnl ]|._-ht. 

■ ' ontaiglaai 




1. 17th. 



III 3.15 A.M. 



I'haluris Canari 
The shcath-!i ke cotyledons 
of this mniniaiiylcrioiioiis '"'^ ' 1 ' 
plant wore selected for 
trial, because they aro very srnRitivo to light and ciroumnutnto 
well, as formerly shown (see Fig. 43, p. G3). Although we felt 
no doubt about the result, some seedlings were first placed 
heft. re <t Kctitli.wcst \vi;iii.iiv ;na inn.li'nitdy bright lrioniing, nm\ 
tlie moTeuients of one were traced. Aa is so common, it moved 



128 
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liminary trials for ascertaining the right degree of obscurity, 

window, and light was admitted through an ordinary linen 
and three muslin blinds. A pencil held close by the pot now 

window. In the evening, at 430, and again at 6 pjl, some of 
the blinds were removed. In Fig. 174 west* the course pursued 
under these circumstances by a rather old and not very sensitive 
cotyledon, 1'9 inch in height, which became ranch bowed, 
but was never rectangularly bent towards the light. From 
11 a.k., when the sky lierame rather duller, until 6.30 f.jj., the 
zigzagging was conspicuous, and evidently consisted of drawn- 
out ellipses. After 6.30 pji. and during the night, it retreated 
in a crooked line from the window. Another and younger seed- 
ling moved during the same time much more ciuickly and to a 
much greater distance, in an only slightly zigzag line towards 
the li^ht; by 11 A.M. it was bent almost rectangularly in this 
direction, and now circumnutated about the same place. 

Trirpaoltfm majta. — Some very young feallings, bearing only 
two leaves, and therefore not as yet arrived at tho climbing 
fhige of growth, were first tried before a north-east window 
Kit any blind. The epicotyls bowed themselves towards 
the light so rapidly that in little more than S h. their tips 
]i[.iuted rectangularly towards it. Tho linos traced were either 
nearly straight or slightly zigzag; and in this latter case we 
sec that a trace t>F eircuninutation was retained oven under the 
ire of it moaeiaic.ly bright li^lit. Twice whilst these 
epicotyls were bending towards the window, dots were made 
;■ 5 or G minutes, in drier to dulcet any trace of lateral 
■ ■■ :ient, but there was haiiily any ; and the lines formed by 
their junction were nearly straight, or only very slightly zigzag, 
oti in tho other pirts of the f.gurcs. After the epicotyls had 
1 on'. . - i themselves to flic foil raiiint b'wiirils ihe light, ellipses 
'dorable size were described in the usual manner. 
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After having seen ho* tho epicotyls moved towards a mode 
r:itdy bvijrlit light, sofcilliiips welt phce.l lit 7. IN a.m. (Sept. 711:) 
before a north-east window, covered by a towel, and short] j 

blinds were- sus|a.'ii(li.''l, so flml the sii:!-:ili]iL'K reerived visry lillio 
mora liuht from tho window tlnin Iron] the interior of the loom 

The sky varied in brightness, and tho seedlings occasionally 



Fi g . us. 




rropdsi/rimmo/'ia.- helistropfc mnyemont ami cinnmmttntiMi of thcqjicntrl 
of a vnnng too<llir,[r towards o Jull Inttra! licht. traced on a horiiontnl 
Claw from 7.48 a.m. to 10.« p.m. Figure raluce.l to ooc-half of lk( 
original icnle. 

received for n short titno lew light from tho window tlmn from 
tho opposite sirle (us n.=rfvt nin fd 1 ■ v the flimimv ciist), nini then 
one of the blinds wns temporarily removed. In the eveninp, 
llio blindB were l iken away, one 1 >y one. The course pursued 
i-'.v nn epiirofy! m-ile.r these- fi roni:ishi:iccs is shown in Fie. 175. 
During tbe whole dny, until G.15 ph., it plainly bowed itself 
towards tho light ; and tho tip moved over a eonBidorablo space. 
After 6.45 p.m. it moved backwards, or from the window, till 
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10.40 p.m., when the last dot was made. Here, then, we haYe 
a distinct helwlropk'. imi'.citiciit, tiTwifsd liy mums ul tdx 
elongatoil figures (which if dota had been made every few 
iiiiimliia would have been mor.j or less elliptic) directed towurd* 
the light, with the apes of each anc- 
f ' !! oeeaive ellipse nearer to the window 

than the previous ouc. Kow, iftlie 
lijdil hud I ■ u t- 1 1 o ! j 1 v a I it tie liri^htei, 
tt.ei.|>i™tyl would I : n vo bowed itself 
mora lo the light, as we may safely 
uoisHiidc fi-iini ilie previous truls; 
there would aho have been less 
i:iL<:r<LL ijuivmueiit, mid the ellipses or 
(jtli(.'[tif.'un-muulii hiive 1h.-uii drawn 
out into a atrougly marked zigzag 




. still ll 



t lind 



liter, we should hi 
Ltd a liliirklly /i;:/.ai, r line, or one 
qiiiU; straight, fur thero would hare 
Iim-u iiiine movement in the direc- 
tiiiii <ii the light, and much less from 
side to side. 

Sachs states that the older inter- 
nodes of this Tropfflolnm ore aphe- 



rse, during two dajs of 
a Fig. 176 ; and wo Eee 



□ one of the older intemodeB o 
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which, wliilat young, is bo extremely sensitive to light, worth 
giving. 

C'assiu lira. — The cotyledons of this plant 
Bfiiuijivt lu li'^lit, whilst Uic 



hjpocotyls ore much less 
sensitive than those of most 
other seedlings, as we had 
often observed with surprise. 
It seemed therefore worth 
while to trace their move- 
ments. They wore exposed 
to a, lateral light before a 
north-east window, which 
was at first covered merely 
by a muslin blind, but as 
the sky grew brighter about 
11. a.m., an additional linen 
olind was suspended. After 
i p.m. one blind and then the 
other was removed. The 
loedlings were protected on 
each side and above, but were 
open to the diffused light 
Of the room in the real 1 . Up- 
right filaments were fixed to 
the hypocotyls of two seed- 
lings, which slood vertically 
in the morning. The accom- 
panying figure (Fig. 177) 
shows the course pursued by 
one of them during two days; 
but it should be particularly 
noticed that during the 
id day theseedlin 



extremely 

Rg. 177. 6%my'f 




kept in darkness and they T^lift rnpic movement ai"* 



ncnrly the same small space. 
On the first day (Oct. 7ih) 7lh - ■*'»° ' 
tli!' livniLiuh 1 iuovi'.l from ', 'i,' 'iTt l"' 
8 a.m. to 12.23 P.M., toward 
the light in a zigzag lino, then turned a 
and afterwards descrilied a small ellipse. 
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ellipse was cor.ip'.. t.-d Wtu.i-n 3 p i anl nh-.mt 5 30 p.m., 
tilt liyiHiailjl still bind ins; !ci«unIs the l-jiht Tin- !i> jhx-oIj 1 

t.g i7o. Ru "' i-trn=Flit 0ml i>l>r.^--.l iu Die inom- 
nip, huf by fp l-n i-.t. upper half «;m 

\ bowed towards the light, so that tho 

\ chorii of the arc thus formed stood at 

1 an angle of 20° with the perpendicular. 

1 After 0 p.m. its course was reversed 

1 through the action of apogeolropism, 

\ and it continued to liend from the 

\ iviiniii\v (luriiiL- tin: ui^ht, :n\ xht-wn by 

I the broken lino On tho next day it 

1 was kvpl in tlio ilurk (<xivptiTi£ when 

1 each observation was made by tho aid 

. \ of a tuper), and the course followed 

M . from 7 a.m on the 8th to 7.45 a.m. on 

\pa tha 9th ia llere likelviKe Enown - 1,10 

difference between tho two parts of the 
*V figure (177), namely, that described 

/ during tho daytime on tho 7th, when 

\ exposed to a rather dim lateral light, 

/ and that on the 8th in darkness, is 

/ striking. Tho difference consists™ the 

lilies during the first day having been 
\ drawn out in the direction of the light. 

V The movements of tho other seedling, 

\ 1/ traced tinder tho same circumstances, 

Vv. were closely similar. 

ApMioiropiaw. — We succeeded in 
\ observing only two eases of aphelio- 

X tropism. f'.'f thcsi- arc somewhat rare; 

\ and the movements are generally so 
slow that they would have been very 
B 7i7tr? Tm^m^l troublesome to trace, 
twdril tr»ced™n » boci- Bignonia cayreulata. — No organ oi 
lontnl glsss from 8.45 any plant, us f;ir as we huva seen, bends 
i.M. July 13th to 10 i.u. awil y B0 qaicitly from the light as do 
ori's-innlly "traced lilt" tn0 tendrils of this Bignonia. They 
magnifier!, here rakced ar0 "l* 0 romarkaMe from rircum- 
to two-third* of ih( nutating much less regularly than 
original srale. m03 t 0 ^ el tendrils, often remaining 

stationary; they depend on apheliolrupisiii tor coming into 
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wmtuct with the trunks of trees* The stem of a young plant 
was tied to a stick at the base of a piiir of fine tendrils, which 
projected almost vertically upwards; and it was placed in 
front of a north-cast window, Being protected on all other sides 
from the light. The first dot w as made at 6.45 a.m., and by 
7.35 a.h. both tendrils felt the full influence of the light, for 
they moved straight away from it until. 9.20 a.m., when tliey 
circumnutatod for a time, still moving, but only a little, from 
the light (see Fig. 178 of the left-hand tendril). After 3 P.M. 
they again moved rapidly away from the light in zigzag lines. 
By a late hour in the evening both had moved so far, that 
they pointed in a direct line from the light During the night 
they returned a little in a neiiily o|>p:>siio direction. On the 
following morning they n&iin moved from tho light and con- 
verged, so that hy tho evemr.e; they hud become interlocked, 
still pointing from the light. The right-hand tendril, whilst 
converging, zigzagged much more than the one figured. Both 
tracings showed that tho apli el io tropic movement was a modi- 
fied form of circum nutation. 

Cyclamen Ptnk'iTii. — Whilst this plant is in flower the pcduuclcs 
stand upright, but their uppermost part is hooked so that the 
flower itself hangs downwards. As soon as the pods begin to 
swell, the peduncles inn-ease jiuv.-Il i:i U-iiKth ami skiivly curve 
downwards, but the short, upper, hooked part straightens itself. 
Ultimately the porls reach tho ground, and if this is covered 
with moss or deiid loaves, they bury tlirniselvra. We have ofieir 
seen minc^r-liko depress inns finned by the thihIh in e!aii}]i sand 
or sawdust; and one jv.nl ( 1 fi of ineh in diameter) buried itself 
in sawdust for three-quarters of its longth.f We shall hnve 
occasion hereafter to consider the object trained hy this burying 
process. The peduncles can change the direction of their cur- 
vn:ure, tor if a [int. with plants l:;i%iiijr their peilmn'hs jilivudy 
bowed downwards, be placed horizontally, they slowly bend 
at right angles to their former direction towards the centre of 
tin; earth. We therefore at first attributed the movement to 
gcotropism ; but a pot which had lain horizontally with tho pods 



♦ -Tho Movements nnd HohiU tauio Garden," Canto., iii. p. 126), 

of Ulimliing I'hitiU,' 1875, p. 97. the poda forcibly ntm traie (lis 

t The jicdutiflus lit tev.'ial i-nrtlj. Seo ulsu (■reuier mill 

nthi r s|)i cii'B of Cytlnnicn twist (iralrim, 1 FJ irii ile Frmwe,' torn ii 
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all pomling to tlio ground, wn^ reversed, bring still kept hori- 

then placed in a dark cupboard, but tlie pods still pointed up- 
wards after four day* and nights. The pot, in. the same position, 
was next brought back into the light, and after two dajs there 
whs some bending downwards of lln' peduncles, and on the fourth 
day two of them pointed to the centre of the earth, as did the 
others after an additional day or two. Another plant, in a pot 
which had always stood upright, was left in the dark clipboard 
for eii days; itboroo" peduncles, and only one became within this 



Fig. 179. 




(Viawsn Prrt&iim: dnwtiwuM sptirlintrnpln movement ofs lloiver-ped uncle, 
greatly mngrifisil (nbout +7 times ?), tm»d on * horlmntal elnii from 
1 P.M. Feb. 18th to 8 a.m. 

time at all bowed downwards, and that doubtfully. Tlie weight, 
therefore, of the pods is not the cause of the bending down. 
This pot was then brought back into the light, and after three 
days the peduncles were considerably bowed downwards. We 
aw thus ied to infer that the downward curvature is due to 
apholiotropism ; though more trials ought to havo been made. 

In order to observe the nature of this movement, a peduncle 
bearing a large pod which had reached and rested on the 
ground, was lifted a little up and secured to a stick. A filament 
was flicd across the pod with a mark- beneath, and its move- 
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niont, greatly nsiipiitii'd, w.ls f tjh'i-i I <>n ;i bin-izf.mtid glass during 
67 h. The plant was illuminated during the day from above. A 
copy of the tracing is given on p. i3t (Fig. 179> ; and there ran 
ba no doubt that the descending movement is one M'modifkd 
•: i re u mi rti:;iti on. but 0:1 an extremely small sc.-iic. The oi tier ra- 
tion was repeated on another i>od, whieh bad partially buried 
ilself in sawdust, anil which was lifted up a quarter of an inch 
otiovfl (be surface; it il>.:si-r;iic.il three v^ry small circles in 21 b. 
Considering the great length and thinness of the peduncles 
and the lightness of the pods, we may conclude that they 
would not be able to excavate saucer-like depressions in sand 
or sawdust, or bury themselves in moss, &c, unless they were 
aided by their ciiniinued roekiug or circumnutating move- 

lielation h-twmi C-rciimii -dalinn an 'I ][t:l/'oii-npinm. — 
Any one who will look at tho foregoing diagrams, 
showing the movements of the stems of various plants 
towards a lateral and more or less dimmed light, will 
be forced to admit that ordinary circuinnutation and 
lir.iHoiropisui graduate into one another. When a 
plant is exposed to a dim lateral light and continues 
during the whole day bending towards it, iveeding 
late in tho evening, the movement unquestionably is 
one of heliotropism. Now, in the case of Tropteoluin 
(Fig. 175) the stem or epicotyl obviously citcumtiu- 
tated during the whole day, and yet it continued at 
the same time to move heliotropically ; this latter 
movement being effected by the apex of each succes- 
sive elongated figure or ellipse standing nearer to 
tho light than the previous one. In the case of 
Cassia (Fig. 177) the comparison of the movement ot 
the bypocotyl, when exposed to a dim lateral light and 
to darkness, is very instructive ; us is that between 
the wtlinary eireuuiuulatiiig inovi'iuent, of a seedling 
Brassica (Figs. 172, 173), ot that of Phalaris (Figs. 
4!), 174), and their heliotrope movement towards a 
window protected by blinds. In both these cases 
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and in many others, it was interesting to notice how 
gradually the stems began to cireumnutate as the 
light waned in the evening. We have therefore many 
kinds of gradations from a movement towards the light, 
which must be considered as one of circnmnutation 
very slightly modified and still consisting of ellipses 
or circles, — though a movement more or less strongly 
Kigzag, with loops or ellipses occasionally formed, — to 
a nearly straight, or even quite straight, heliotropic 
course. 

A plant, when exposed to a lateral light, though 
this may be bright, commonly moves at first in a 
zigzag line, or even directly from the light ; and 
this no doubt is due to its ci renin nutating at the 
time in a direction either opposite to the source of 
the light, or more or less transversely to it. As soon, 
however, as tin 1 diri-dii.ni of the cireummihiling move- 
ment nearly coincides with that of the entering light, 
the plant bomb in a straight course towards the light, 
if this is bright. The course appears to be rendered 
more and more rapid and rectilinear, in accordance with 
the degree of brightness of the light — firstly, by the 
longer axes of the elliptical figures, which the plant 
continues to describe as long as the light remains very 
dim, being directed more or less accurately towards 
its source, and by each successive ellipse being de- 
scribed nearer to the light. Secondly, if the light 
is only somewhat dimmed, by the acceleration and 
increase of the movement towards it, and by the 
retardation or arrestment of that from the light, some 
lateral movement being still retained, lor tiie light 
will interfere less with a movement at right angles 
to its direction, than with one in its own direction.* 

' !:i Ilia paper, •Ui'lwr oitho- t! die* (• ArbeilWI rlca Bet. Inrt 
lr<yc -liiil [>[i. n 'nj[ru]f Piluusiiji- in Wur/.!.«rg.' Hn;.la. licit iL 
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The reanlt is that the course is rendered more or less 
zigzag and unequal in rate. Lastly, when the light 
is very bright all lateral movement is lost ; find the 
whole energy of the plant is expended in rendering 
the circumnutating movement rectilinear and rapid in 
one direction alone, namely, towards the light. 

The common view seems to be that heliotropism is 
a quite distinct kind of movement from circumnuta- 
tion ; and it may be urged that in the foregoing 
diagrams we nee heliotropism merely combined with, 
or superimposed on, circumnutation. But if so, it must 
be assumed that a bright lateral light completely 
stops circumnutation, for a plant thus exposed moves 
in a straight line towards it, without describing any 
ellipses or circles. If the light be somewhat obscured, 
though amply sufficient to cause the plant to bend 
towards it, we have more or less plain evidence of still- 
continued circumnutation. It must further be assumed 
that it is only a lateral light which has this extraor- 
dinary power of stopping cire-jniuulution, for we know 
that the several plants above experimented on, and 
all the others which were observed by us whilst grow- 
ing, continue to circumnutatc, however bright the light 
may 1m, if it comes from above. Nor should it bo 
forgotten that in the life of each plant, circumnuta- 
tion precedes heliotropism, for hypocotyls, epicotyts, 
and petioles c iron in nutate before they have broken 
through the ground and have over felt the influence at 
light. 

We are therefore fully justified, as it seems to us, in 
believing that whenever liglit enters laterally, it is the 
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movement of ciroumnufation wliich gives rise lo, or ia 
converted into, heliotropism and ap heliotropism. CM 
this view we need nut assume, against all analogy that 
a lateral light entirely stops circu ran illation ; it merely 
excites the plant to modify its movement for a time 
in a beneficial manner. The existence of every pos- 
sible gradation, between a straight course towards a 
lateral light and a course consisting of a series of loops 
or ellipses, becomes perfectly intelligible, l-'inally, 
the conversion of circumnutation iuto heliotropism or 
aplieliotr<i|>ism, is closely analnguus to what takes place 
with sleeping plants, which during the daytime de- 
scribe one or more ellipses, often moving in H'gzag lin03 
and making little loops ; for when they begin in the 
evening to go to sleep, they likewise expend all their 
energy in rendering their course rectilinear and rapid. 
In t i 10 case uf sleep-nxiveineiits, the exciting or regu- 
lating cause is a difference in the intensity of the 
light, coming from above, at different periods of the 
twenty-four hours ; whilst with heliotropio and aphe- 
liotropic movements, it is a difference in the intensity 
of the light on the two sides of tlie plant. 

Transversal-heliotropi&mus {of Frank *) or DiaheKo- 
tropism. — The cause of leaves placing themselves 
more or less transversely to the light, with their 
upper surfaces directed towards it, has been of late 
the subject of much controversy. We do not here 
refer to the object of the movement, which no doubt 
is that their upper surfaces may be fully illuminated, 
but the means by which this position is gained. 
Hardly a better or more simple instance can be given 




Frige iiber Truii-vcr-al Goo-nud 
Hi! lintrop minis." ' lt»t. Huituiig, 
1873, p. 17 et iej. 



Cbaf. VIH. DIAHE I.IOTROPISM. 



43f) 



qf diaheliotropism than that offered by many seed- 
lings, the cotyledons of which are extended hori- 
zontally. When they first burst from their seed-coats 
they are in contact and stand in various positions, 
often vertically upwards ; they soon diverge, and this 
is effected by epinasty, which, as we have seen, is a 
modified form of circumnutation. After they have 
diverged to their full extent, they retain nearly the 
same position, though brightly illuminated all dny 
long from above, with their lower surfaces close to the 
ground and thus much shaded. There is therefore a 
great contrast in the degree of illumination of their 
upper and lower surfaces, and if they were heliotropic 
they would bead quickly upwards. It must not, how- 
ever, he supposed that such cotyledons are immovably 
fixed in. a horizontal position. When seedlings are 
exposed before a window, their hypocotyls, which are 
highly heliotropic, bend quickly towards it, and the 
upper surfaces of their cotyledons still remain ex- 
posed at right angles to the light ; but if the hypo- 
cotyl is secured so that it cannot bend, the cotyledons 
themselves change their position. If the two are 
placed in the line of the entering light, the one 
furthest from it rises up and that nearest to it often 
sinks down ; if placed transversely to the light, they 
twist a little laterally; so that in every ease they 
endeavour in pla^e their upper surfaces at right angles 
to the light. So it notoriously is with the leaves on 
plants nailed against a wall, or grown in front of a 
window. A moderate amount of light suffices to in- 
duce such movements ; all that is necessary is that the 
light should steadily strike the plants in an oblique 
direction. With respect to the above twisting move- 
ment of cotyledons, lfrank has given many and mlieli 
more striking instances in the case of the leaves on 
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branches which hnd been fastened in various positions 
or turned npside down. 

In our observations on the cotyledons of seedling 
plants, we often felt surprise at their persistent hori- 
zontal position during the day, and were convinced 
before we had read Frank's essay, that some special 
explanation was necessary. J)e Vties has shown* 
that the more or less horizontal position of leaves is 
iu most cases influenced by epiimsty, by their own 
weight, and by apngentropism. A young cotyledon 
or leaf after bursting free is brought down into its 
proper position, as already remarked, by epinasty, 
which, according to De Tries, long continues to act 
on the midribs and petioles. Weight can hardly bo 
influential in the ease of cotyledons, except in a few 
cases presently to be mentioned, but must be so with 
large and thick leaves. With respect to apogeotropism, 
Dti Vrics maintains that, it lt' i n. 1 1 m.1 1 v uuau-s ink>jila.v, 
and of this fact we shall presently advance some 
indirect evidence. l!nt over these and other constant 
forces we believe that there is in many cases, but we 
do not say in all, a preponderant tendency in leaves 
and cotyledons to place themselves more or less trans- 
versely with respect to the light. 

In the cases above alluded to of seedlings exposed 
to a lateral light with their hypocotyls secured, it is 
impossible that epinasty, weight anil apogeotropism, 
cither in oppositiur. or ci,inlii:a.'d, can be the cause of 
the rising of one cotyledon, and of the sinking of the 
nthci', since the I'urcus in question act equally on both ; 
and since epinasty, weight and apogeotropism all act 
in a vertical plane, they cannot cause the twisting of 
the petioles, which occurs in seedlings under the 
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above conditions of illumination. All thest movements 
evidently depend in some manner on tlie obliquity of 
the light, but cannot be called beliotropic, as this 
implies bending towards the light; whereas the coty- 
ledon nearest, to the ligiit bends in an opposed direc- 
tion or downwards, and both place themselves as nearly 
as possible at right anglea to the light. The move- 
ment, therefore, deserves a distinct name. As coty- 
ledons and leaves are continually oscillating up and 
down, and yet retain all day long their proper position 
with their upper surfaces directed transversely to the 
light, and if displaced reassume this position, dia- 
heliotropism must be considered as a modified form of 
cireumnutation. This was often evident when the 
movements of cotyledons standing in front of a window 
were traced. We see something analogous in the case 
of sleeping loaves or cotyledons, which after oscillating 
up and down during the whole day, rise into a vertical 
position lata in the evening, and on the following 
morning sink down again into their horizontal or dia- 
heliotropic position, in direct opposition to heliotro- 
pism. This return into their diurnal position, which 
often requires an angular movement of 90°, is analo- 
gous to the movement of leaves on displaced branches, 
which recover their former positions. It deserves 
notice that any force such as npo.L'eotropism, will art 
with different degrees of power* in the different posi- 
tions of those leaves or cotyledons which oscillate 
largely up and down during the day ; and yet they 
recover their horizontal or diahelio tropic position. 

We may therefore conclude that diabeliotropio 
movements cannot be fully explained by the direct 
action of light, gravitation, weight, &c, any more 
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than can the nycli tropic movements of cotyledon* 
and leaves. In the latter case they place themselves 



surfaces of the opposite leaflets often in contact. These 
movements, which are sometimes extremely complex, 
are regulated, though not directly caused, by the alter- 
nations of light and darkness. In the case of diahelio- 
tropism, cotyledons and leaves place themselves so 
that their upper surfaces may 1"? exposed to the light, 
and this movement r. _-i:: it< 1. though not directly 
caused, by the direction whence the light proceeds. In 
both cases the movement consists of circumnutation 
modified by innate or constitutional causes, in the 
same manner as with climbing plants, the circumnu- 
tation of which is increased in amplitude and rendered 
more circular, or again with very young cotyledons 
and leaves which are thus brought down into a hori- 
zontal position by epinasty. 

We have hitherto referred only to those leaves and 
cotyledons which occupy a permanently horizontal 
position ; but many stand more or less obliquely, and 
some few upright The cause of these differences of 
position is not known ; but in accordance with Wiesner'a 
views, hereafter to be given, it is probable that some 
leaves and cotyledons would suffer, if they were fully 
illuminated by standing at right angles to the light. 

We have seen in the second and fourth chapters 
that those cotyledons and leaves which do not alter 
their positions at night sufficiently to be said to sleep, 
commonly rise a little in the evening and fall again 
on the next morning, so that they stand during the 
night at a rather higher inclination than during the 
middle of the day. It is incredible that a rising 
movement of 2 s or 3°, or even of llf or 20", can be oi 
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any service to the plant, so as to have boon specially 
acquired. It must be the result of some periodical 
change in the conditions to which they are subjected, 
and there can hardly be a doubt that this is the daily 
alternations of light and darkness. De Vries states in 
the paper before referred to, that most petioles and 
midribs are apogeutropie ;* and iipogcotropism would 
account for the above rising movement, which is com- 
mon to so many widely dist inct species, if we suppose it 
to be conquered by diaiieliotropism during the middle 
of the day, as long as it is of importance to the plant 
that its cotyledons and leaves should be fully exposed 
to the light. The exact hour in the afternoon at which 
they begin to bend Blightly upwards, and the extent of 
the movement, will depend on their degree of sen- 
sitiveness to gravitation and on their power of resist- 
ing its action during the middle of the day, as well as 
on the amplitude of their ordinary cirenmnntating 
movements; and as these qualities differ nmeli in dif- 
ferent species, we might expect that the hour in the 
afternoon at which they begin to rise would differ 
much in different species, as is the ease. Some other 
agency, however, besides apogeotropism, must come 
into play, either directly or indirectly, in this upward 
movement. Thus a young bean {Vieia faba), growing 
in a small pot, was placed in front of a window in a 
klinostat ; and at uigbt the leaves rose a little, although 
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the action of apogeotropisin was quite eliminated. 
Nevertheless, they did not rise nearly so much at 
night, as when subjected to apogeotropism. Is it 
uot possible, or even probable, that leaves and coty- 
ledons, which have moved upwards in the evening 
through the action of apogeotropism during countless 
generations, may inherit a tendency to this movement ? 
We have seen that the hypocotyls of several Legu- 
minous plants have from a remote period inherited a 
tendency to arch themselves ; and we know that the 
sleep-movements of leaves arc to a certain extent 
inherited, independently of the alternations of light 
and darkness. 

In our observations on the circum nutation of those 
cotyledons and leaves which do not sleep at night, we 
met with hardly any distinct cases of their sinking 
a little in the evening, and rising again in the morn- 
ing,— that is, of movements the reverse of those just 
discussed. We have no doubt that such cases occur, 
inasmuch as the leaves of many plants sleep by 
sinking vertically downwards. How to account for the 
few cases which were observed must be left doubtful. 
The young leaves of Cannabis saliva sink at night 
between 30" and 40° beneath the horizon ; and Kraus 
attributes this to epinasty in conjunction with the 
absorption of water. Whenever epinastie growth is 
vigorous, it might conquer diaheliotropism in the 
evening, at which time it would be of no import- 
ance to the plant to keep its leaves horizontal. 
The cotyledons of Anoda Wriylitii, of one variety of 
flossy plum, ami of several species of Iporacea, remain 
horizontal in the evening whilst they are very young ; 
as they grow a little older they curve a little down- 
wards, and when large and heavy sink so much that 
they come undej our definition of sleep. In the case of 
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theAnoda and of some species of Ipomoja, it was proved 
lliat the downward movement did not depend on tlie 
weight of the cotyledons ; but from tlie fact of tlie move- 
ment being so much more strongly pronounced after 
tlie cotyledons have grown large and heavy, we may 
suspect that their weiidit ui.ioriiri 1 \- jiUiyed some part 
in determining that the modification of the cireum- 
nutating movement should bo in a downward direction. 

The so-called Diurnal Sleep of Leaves, or Parahelio- 
iropism. — This is another class of movements, dependent 
on the action of light, which supports to some extent 
the belief that the movements above described are 
only indirectly due to its action. We refer to the 
movements of leaves and cotyledons which when 
moderately illuminated are d i ah elio tropic ; hut which 
change their positions and present their edges to the 
light, when the sun shines brightly on them. These 
movements have sometimes been called diurnal sleep, 

gained from those properly called nyctitropic ; and in 
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a bright buii, they stood at 56° above the horizon ; they were 
then protected from the rays of the sun, but were left well 
illuminated from above, and afier 30 m. they had fallen iCP, for 
they now stood at only 16° above the horizon. Some young 
plants of Phased t* herna'idesii had boon exposed to the same 
bright sunlight, and their broad, unifoliate, first leaves now 
stood up almost or qui to vertically, as did many of the leaflets 
on the trifoliate secondary leaves; hut some of the leaflets had 
twisted round on their own axes by as much as 90° without 
rising, bo as to present tln ir ed^es to the sun. The leaflets on 
the same leaf Bometimes behaved Id these two different manners, 
but always with the result of being loss intensely iliuininated. 
These plants were then protected from the sun, and wore looted 
at after 1)1).; and now all the leaves and leaflets had re- 
assumed their ordinary Mili-liui-iv.cmta] positions. The cojiper- 
eoloured cotyledons of some seedlings of Caaia mimosoidex were 
horizontal in the morning, but after the sun had shone on 
them, each had risen 451° above the horizon. The movement 
in these several cases innsl not lie con roundel with the sudden 
closing of the leaflets of Miuu sa j-mliat, which may sometimes 
be noticed when a plant which has been kept in an obscure 
place is suddenly exposed to the sttn ; fur in this case the light 
seems to act, as if it were a touch. 

From Prof. Wiesncr's iutoriiSMiir u! nervations, it is probable 
that the above movements have been acquired for a Fpeeinl 
purpose. The chlorophyll in leaves is often injured by too 
intense a light, and Prof. Wiesner* believes that it is protected 
liy the ni'.ist itivi'i-silii-il nuians, such as the |ui'-euce of hairs, 
colouring matter, Ac, anil amongst oilier means by the leaves 
presenting their Climes to the sun, so. that the blades then 
iltuivi; much les.; tkht. lie oa penmen ted on the ymm^ leaflets 
( [' iiiii'itjia, by fiNisii; Iheui in such a poiiliuti that they cm Id 
not escape beinn; mieiisrly iliuininated, whilst others were 
allowed to place themselves obliquely; and the former began to 
suffer from the light in the course of two days. 

in the cases above given, the leaflets move either upwards 
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or twist laterally, so as to place their edges in tlio direction of the 
sun's light; but Colin hint! :vj:ii observed that the leaflets of 
Oxnlis bend downwards when fully expoi-ed la the urn. We 
iviliii'S-ed n sililoii;; instiitico of flii-i muvoiiipnt hi this very 
large leaflets of U. Orteyesii. A similar movement may fre- 
quently be observed with the leaflets of Averrhoa bilimbi {a 
member of the Osalidie) ; and a leaf :s hero represented (Tig. 
180) on which the sun had shone. A diagram (Fig. 131) was 
given iu tin: liiit ("-linijifv, iviircsi'iitiiiy tins o^cillntions by which 
a leaflet rapidly descended umk-r lhe.se ci re urns lances; and the 
movement may bo teen closely to resemble that {Fig. 138) br 



nlneh it awumid ;!s ntiriiirT.nl position. It is an inlen-Bting 
fart in rc'ition to our promt subject tli:it, us Prof Itatulin 
informs ui in a letter, dated February, 1X70, tlio leaflets of 
(nu/is atetistlU may ie daily eipospd to tl;o sun iliirmj; many 
weckR, and they do not suffer if tlmy ore bIIdwiiI tn drprrss 
themselves; but if this t«> preim?; ii. ■'..<■? '<>v tiurir miliar ami 
witherin two or three days. Yet the dnrotionof a leaf is about 
two months, when subjected only to diffused light; rind in this 
case the leaflets never sink downwards during tho day 

As the upward movfrinents of the leaflets of Robinia, 
and the downward movements of those of Oxalis, have 
been proved to be highly beneficial to these plants 
when subjected to bright sunshine, it seems probable 
that they have been acquired for the special pispose 
ui' avoiding too intense an ilium mat ion. As it would 
have been very troublesome in all the above cases to 
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have watched for a fitting opportunity and to have 
traced the movement of the leaves whilst they were 
fully exposed to the sunshine, we did not ascertain 
whether parallel iotrop 'urn ahviivs consisted of modi- 
fied circumnutation ; but this certainly was the case 
with the Averrhoa, and probably with the other species, 
as their leaves were continually circumnutatin?. 
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CHAPTER IX. 

8Es-arriVEija.9 or Plasts to Lidiit: its tsibmhttzd EFFtr^s, 

Usee of hfilietropisni— Tnsi etivorcms and climhiii<; plants not heliotrupie 
—Same orcan heliotropic at one age anil not at another— Eitra- 
oriliuiiry wiiiiiriviin-- nt'KfiitKj plants (o li^lit — T':jo ■■if. I'iMijflijjlir, ilc 
not correspond with its iiili n.ily- 'i. of prrvincs illumination 
— Time required Cor tlio action of light— After-effi-cta of light— 
A]iosu(jtroi)i:m acts as souii ua li^.t liulf Arvura.y with which 
plants l>':ii'l In thv lijriit.— Thi-s . ;,■]..■;. d. tlI mi tin- iliurnhmllon of 
one wlinli! side ill' the p;u:— L. ra!i — ii ^. -n -jt <■ I i-.-t^ to Ii;;ht alii its 
transmitted ell celfl -Cotyledons of 1 liularie, mivnner of bending— 
ltcaults ni' the exclusion of light from their tips— Effects trans- 
mitted beneath the surface of the ground— -Lateral illumination of 
the tip determine the direction of the curvature of the bnsa— Coty- 
ledoua of A vena, curvature of basal part due io tho illumination of 
unptT part— Similar results with the 1 1 y j h i it jla [if ]!ra;sk'a and 
Beta— Radicles of Sinapis i.ph el in tropic, due tu the sensitiveness of 
their tips— Concluding ctmarka and summary nf chapter— Means 
Lv which i'ir.i>n;nutat:na has Uieil ci in i cited into il.liiiln.pina or 
apheliotropiain. 

No one can look at the plants jr rowing on a hank or 
on the borders of a thick wood, and doubt that the 
young stoma and loaves place themselves so that tho 
leaves may be well illuminated. They are thus enabled 
to decompose carbonic acid. But tho sheath-like coty- 
ledons of some Gntminere, for instance, those of Pha- 
laris, are not green and contain very little starch ; 
from which fact we may infer that they decompose 
little or no carbonic acid. Nevertheless, they are ex- 
tremely heliotropic ; and this probably Berves them in 
another way, namely, as a guide i'rora the buried seeds 
through fissures in the ground or through overlying 
masses of vegetation, into the light and air. This view 
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is strengthened by the fact that with Phiilaris and 
Avena the first true leaf, which is bright green and nc 
doubt decomposes curbuiiic acid, exhibits hardly a 
trace of heliotropism. The heliotropic movements ol 
many other seedlings probably aid them in like 
manner In emerging from the ground; for apogeo- 
tiophm by itself would blindly guide them upwards, 
agah.st any overlying obstacle. 

Heliotropism prevails bo extensively among the 
higher plants, that there are extremely few, of which 
some part, either the stem, flower-peduncle, petiole, 
or leaf, does not bend towards a lateral light. 
Brosera rotundifalia is one of the few plants the 
leaves of which exhibit no trace of heliotropism. Nor 
could we see any in Dionaia, though the plants were 
not so carefully observed. Sir J. Hooker exposed the 
pitchers of Sarracenia for some time to a lateral light, 
but they did not Iji-ml Inwards it.* We can understand 
the reason why these insectivorous plants should not 
be heliotropic, as they do not live chiefly by decom- 
posing carbonic acid ; and it is much more important 
to them that their leaves should occupy the best 
position for capturing insects, than that they should 
be fully exposed to the light. 

Tendrils, which ci insist- of hitves or of other organs 
modified, and the steins of twining plants, are, as 
Mohl long ago remarked, rarely heliotropic ; and here 
again we can see the reason why, for if they had 
moved towards a lateral light they would have been 
drawn away from their supports. But some tendrils are 
uphelio tropic, for instance those of Biyiionia capreelata 



* According to F. Kuriz(- Ver- 
hsndl. di'i Bot. Vereiiia der fro- 
vinz Bmndcnhurci' ltd. rr. 1K78) 
the Icuvcb or pittUm of DuTling- 



nplicHotiupio. We faikd to detect 
thia movement iu a plant which 
wo poaseascd liir a short time. 
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and of Sniilax aspera ; and the stems of some plants 
which climb by rootlets, as those of the Ivy and Tecoma 
rtitliraiis, are likewise fipholiorropic, and they thus find 
a support. The leaves, on the other baud, of most 
climbing plants are heliotropic ; but we could detect 
no signs of any such movement in those of Mutinia. 

As heliotropism is so widely prevalent, and as 
tuiiiing plants arc distributed tliri aighuiit the whole 
vascular scries, the apparent absence of any tendency 
in their stems tn bend towards tiio light, seemed to 
us so remarkable a fact as to deserve further in- 
vestigation, for it implies that heliotropism can be 
readily eliminated. When twining plants are exposed 
to a lateral light, their stems go on revolving or cir- 
cumnutating about the same spot, without any evident 
deflection towards the light ; but we thought that 
we might detect some trace of heliotropism by com- 
paring the average rate at which the stems moved to 
and from the light during their successive revolutions." 
Three young plants (about a foot in height) of Jpomcca 
cserulea and four of I. purpurea, growing in separate 

window in a room otherwise darkened, with the tips 
of their revolving stems fronting the window. When 
the tip of each plant pointed directly from the window, 
and when again towards it, the times were recorded. 
This was continued from 0.40 a.m. till a little after 
2 p.m. on June 17th. After a few observations we 
concluded that we eould safely estimate the time 



* SiniM! i ■miner Blntcii-j-nts ni'mhi-r of ebwrvnf inns, for wo did 

ate. nnfiirtiiniiti'ly giv.M oil rtih M,l tliijn kimw sit how uili^uiiI 

subject, in 'Tim Mottments and B rntw the atoms aud tendrils of 

Hnl.itsof Climbiiu I'.initn.' ItiT.'i, climl.iiiK Jibuti, ifiniotimoe travel 

tip. HS.S2.4U, ami S3 r.'MieluiiijDa in diifrn-i:t |.nrt( of tlic name re- 

were drawn from an iasutErjitnt volulion. 
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token by each semicircle, within a limit of error of at 
most 5 minutes. Although the rate of movement in 
different parts of the same revolution varied greatly, 
yet 22 semicircles to the light were completed, each 
on ar: average in 7ii'S)5 minutes; and 22 semicircle 
from the light each in 73 - 5 minutes. It may, there- 
fore, be snid that they travelled to and from the light 
at exactly the same average rate ; though probably 
the accuracy of the result was in part accidental. In 
the evening the stems were not in the least deflected 
towards the window. Nevertheless, there appeal's to 
exist a vestige of heliotropism, for with 6 out of the 
7. plants, the first semicircle from the light, described 
in the early morning after llK'y had been subjected to 
darkness during the night and thus probably rendered 
more sensitive, required rather more time, and the first 
senile i re lo to the light cunsitleriibly less lime, than the 
average. Thus with all 7 plants, taken together, the 
mean time of the first semicircle in the morning from 
the light, was 7GS minutes, instead of 73 5 minutes, 
which is the mean of all the semicircles during the 
day from the light ; and the mean of the first semi- 
circle to the light was only 63-1, instead of 78-95 
minutes, which was the mean of all the semicircles 
daring the day to the light 

Similar observations were made on Wistaria Sinensis, 
and the mean of 9 semicircles from the light was 
117 minutes, and of 7 semicircles to the light 122 
minutes, and this difference does not exceed the pro- 
bable limit of error. During the three days of expo- 
sure, the shoot did not become at all bent towards tho 
window before which it stood. In this case the first 
semicircle from the light in the early morning of each 
day, required rather tes time for its performance thar 
did the first semicircle to the light; and this result. 
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if nut accidental, appears to indicate that th( shoots 
retain a trace of an original aphelio tropic tcuJetcy. 
With Lonicara brachypoda the semicircles from and to 
the light differed considerably in time; for 5 semi- 
circles from the light required on a mean 2U2*4 
minutes, and 4 to the light, 229*5 minutes; hut the 
shoot moved very irregularly, and under these circum- 
stances the observations were much roo few. 

It is remarkable that the same part on the same 
plant may lie affected by light in a widely different 
manner at different ages, and as if appears at different 
seasons. The hypoeotyledoiKjii;; stems (if Ipomaea 
cesrulca and pui-pun-a are exlremelv hcliotropic, whilst 
the stems of older plants, only about a foot in height, 
are, as we have just seen, almost wholly insensible to 
light, Sachs states (and we have observed the same 
fact) that the hypocotyls of the Ivy (Hedera helix) are 
slightly helio tropic ; whereas the stems of plants grown 
to a few inches in height become so strongly aphelio- 
tropic, that they bend at right angles away from the 
light. Nevertheless, some young plants which had 
behaved in this manner early in the summer again 
became distinctly lieliotropic in the beginning of 
September; and the zigzag courses of their stems, as 
they slowly curved towards a north-east window, were 
traced during 10 days. The stems of very young 
plan Is ill' Tn'ij):i-oiitiii iKiijitv are hijlhlv heliutrtipie, whilst 
tliosc of older plants, according to Sachs, are slightly 
apheliotropic. In all these cases the heliotropism of 
the very young stums serves to expose the cotyledons, 
or when the cotyledons are liypngcau the first true 
leaves, fully to the light ; aud the loss of this power 
by the older stems, or their becoming apheliotropic, 
is connected with their habit of climbing. 

Most seedling plants are strongly lieliotropic, and 
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it is no doubt a great advantage to them in theb 
struggle fur life to expose their cotyledons to tha 
light as quickly and as fully as possible, for the sake 
of obtaining carbon. It has been shown in the first 
chapter that the greater number of seedlings eircum- 
nutate largely and rapidly ; and as heliotropism con- 
sists of modified eircumnutation, \«i are tempted to 
look at the high development of these two powers in 
seedlings as intimately connected, Whether there are 
any plants which, eircumnutate slowly and to a small 
extent, and yet are highly h Jit, tropic, wo do not 
know ; but there are several, and there is nothing 
surprising in this fact, which eircumnutate largely and 
are not at nil, or only slightly, heliotropic. Of such 
cases Drosera rottindifdia offers an excellent instance. 
The stolons of the strawberry eircumnutate almost 
like the steins of climbing plants, and they are not at 
all affected by a moderate light; but when exposed 
late in the summer to a somewhat brighter light they 
were slightly heliotropic; in sunlight, according to 
De Vries, they are apheliotropic. Climbing plants 
eircumnutate much more widely than any other plants, 
yet they are not at all heliotropic. 

Although the stems of most seedling plants are 
strongly heliotropic, some few are but slightly helio- 
tropic, without our being able to assign any reason. 
This is the case with the hypocotvl of Cassia tora, and 
we were struck with the same fact with some other 
seedlings, for instance, those of Itwhi oilvrata. Willi 
respect to the degree of sensitiveness of the more 
sensitive kinds, it was shown in the last chapter that 
seedlings of several species, placed before a north-east 
window protected by several blinds, and exposed in 
the rear to the diffused light of the room, moved 
with unerring certainty towards the window, although 
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it was impitswiljk; td judge, excepting by ill! shadow 
cast by fin upright pencil on a white card, on which 
side must light L-iili-ivd, ■>> tliiit the excess on one side 
must have been extremely small. 

A pot with seedlings of Phalaris Canariensis, which 
had been raised in darkness, was placed in a com- 
pletely darkened room, at 12 feet from u very small 
lamp. After 3 h. the cotyledons were doubtfully 
curved towards the light, and after 7 h. 40 m. from 
the first exposure, they were all plainly, though 
slightly, curved towards the lamp. Now, at this dis- 
tance of 12 feet, the light was so obscure that we could 
not see the seedling* themselves, nor read the large 
Roman figures on the white face of a watch, nor see a 
pencil line on paper, but could just distinguish a line 
made with Indian ink. It is a more surprising fact 
that no visible shadow, was cast by a pencil held 
upright on a while card; the seedlings, therefore, 
were acted on by a difference in the illumination of 
■ their two sides, which the human eye could not dis- 
tinguish. On another ocdiisiuu even a less degree uf 
light acted, for some cotyledons of Phalaris became 
slightly curved towards the same lamp at a distance 
of 20 feet; at this distance we could not see a cir- 
cular dot 2-2!) mm. (-OS) inch) in diameter made with 
Indian ink on white paper, though wo could just see a 
dot 3-56 mm. (-14 inch) in diameter; yet a dot of 
the former size appears large when seen in tiie light." 

We nest tried how small a beam of light would act ; 
as this bears on light serving as a guide to seedlings 
whilst they emerge through fissured or encumbered 
ground. A pot with seedlings of Phalaris was cove-cd 

* StnuliurB'-i >ny* (' Witkunjr Hicmotoeoccua moved to a light 
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by a tin-vessel, having on one side a circular hole 
1-23 mm. iu diameter (i.e. a little less than the ^-th of 
an inch) ; and the box was placed in front of a paraffin 
lamp and on another occasion in front of a window ; 
and both times the seedlings were manifestly Lent 
after a few hours towards the little hole. 

A more severe trial was now made; little tubes of 
very thin glass, closed at their upper ends and coated 
with black varnish, were slipped over the cotyledons 
of 1'holaris (which had germinated in darkness) and 
just fitted them. Narrow stripes of the varnish had 
been previously scraped oil' one side, through which 
alone light could enter ; and their dimensions were 
afterwards measured under the microscope. As a 
control experiment, similar unvarnished and trans- 
parent tubes were tried, and they did not prevent the 
cotyledons bending towards the light. Two cotyledons 
wore placed before a south-west window, one of which 
was illuminated by a stripe in the varnish, only '004 
inch (0"1 mm.) in breadth and '016 inch (0-4 mm.) in 
length ; and the other by a stripe "008 inch in breadth 
and - 0tJ inch in length. The seedlings wero examined 
after an exposure of 7 h. 40 in., and were found to be 
manifestly unwed towards the light. Suuie other coty- 
ledons were at the same time treated similarly, ex- 
cepting that the little stripes were directed not to the 
sky, but in such a manner that they received only the 
diffused light from the room ; and these cotyledons did 
not become at all bowed. Seven other cotyledons wero 
illuminated through narrow, but comparatively long, 
cleared stripes in the varnish — namely, in breadth 
between '01 and '02(1 inch, and in length between -15 
and "3 inch ; and these all became bowed to the side, 
by which light entered through the stripes, whether 
these were directed towards the sky or to one side of 
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the room. That light passing through a hole only 
004 inch in breadth by 'Olfi in length, should induce 
curvature, seems to us a surprising fact. * 

Before we knew hu'.v extrcmelv sensitive ilic rnty- 
lodons of Phalaris were to light, we endeavoured to 
trace their circumnutation in darkness by the aid < f 
o small wax taper, held for a minute or two at each 
observation in nearly the same position, a little on the 
left side in front of the vertical glass on which the 
tracing was made. The seedlings wen: thus observed 

evening we were surprised to find that all the 29 coty- 
ledons were greatly curved and pointed towards the 
vertical glass, a little to the left where the taper had 
been held. The tracings showed that they had tra- 
velled in zigzag lines. Thus, an exposure to a feeble 
light for a very short time at the above specified 
intervals, sufficed to induce wcll-iuavl;ed holiotropism. 
An analogous case was observed with the hypocotyls 
of Solanum hjcopemicam. We at first attributed this 



but since reading Wiesncr's observations," which will 
be referred to in the hist chapter, we cannot doubt that 
an intermittent light is more efficacious than a con- 
tinuous one, as plants are especially sensitive to any 
contrast in its amount. 

The cotyledon-: of Phalaris bend much more slowly 
towards a very obscure light than towards a bright 
one. Thus, in tin.' M[K.>rimo)its with seedlings placed 
in a dark room at 12 feet from a very small lamp, they 
were just perceptibly and doubtfully curved towards it 
after 3 h., and only slightly, yet certainly, after 4 1*. 

* -Silz. i!dt k. Akml. ihi Wi.^CTisch.' (Yininii). Jan, TS80, |v 12. 
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After 8 h. 40 m. the chords of their arcs were deflected 
from the perpendicular by an average angle of only 
16°. Had the light been bright, they would have 
become much more curved in between 1 and 2 h. 
Several trials were made with seedlings placed at 
various distances from a small lamp in a dark room ; 
but we will give only one trial. Six pots were placed 
at distances of 2, 4, 8, 12, and 20 feet from the 
lamp, before which they were left for 4 h. As light 
decreases in a geometrical ratio, the seedlings in the 
2nd pot received Jth, those Id the 3rd pot ^th, 
those in the 4th ^th, those in the 5th ^ r th, and those 
in the 6th -j-i-ath ol tae light received by the seedlings in 
the first or nearest pot. Therefore it might have been 
expected that there would have been an immense differ- 
ence in the degree of their heliotropie curvature in the 
several pots; and there was a well-marked difference 
between those which stood nearest and furthest from 
the lamp, but the difference in each successive pair of 
pots was extremely small. In order to avoid prejudice, 
we asked three persons, who knew nothing about the 
experiment, to arrange the pots in order according to 
the degree of curvature of the cotyledons. The first 
person arranged rhein in proper order, hut doubted 
long between the 12 feet and 16 feet pots ; yet these 
two received light in the proportion of 36 to 64. The 
second person also arranged them properly, but 
doubted between the 8 feet and 12 feet pots, which 
received light in the proportion of 16 to 36. The 
third person arranged them in wrong order, and 
doubted about four of the pots. This evidence shows 
conclusively how little the curvature of the seedlings 
differed in the successive pots, in comparison with the 
great difference in the amount of light which they 
received; and it should be noted that there was no 
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excess of superfluous light, for the cotyledons became 
but lirtlo anil slowly curved even in the nearest pot. 
Close to the 6th pot, at the distance of 20 feet from 
the lamp, the light allowed us just to distinguish 
a dot 3-5C mm. (-14 inch) in diameter, made with 
Indian ink on white paper, but not a dot 2'29 mm. 
(■09 inch) in diameter. 

The degree of curvature; of the cotyledons of I'halaris 
within a given time, depends not merely on the 
amount of lateral light which they may then receive, 
but on that which they have previously received from 
above and on all sides. Analogous facts have been 
given with respect to the nyctitropic and periodic 
movements of plants. Of two pots containing seedling9 
of Phalaris which hail germinated in darkness, one was 
still kept in the dark, and the other was exposed (Sept. 
26th) to the light in a greenhouse during a cloudy day 
and on the following bright morning. On this morn- 
ing (27th), at 10.30 a.m., both pots were placed in a 
box, blackened within and open in front, before a 
north-east window, protected by a linen and muslin 
blind and by a towel, so that but little light was 
admitted, though the sky was bright. "Whenever the 
pots were looked at, this was done as quickly as pos- 
sible, and the cotyledons were then held transversely 
with respect to the light, so that their curvature could 
not have been thus increased or diminished. After 
50 m. the seedlings which had previously been kept 
in darkness, were perhaps, and after 70 m. were cer- 
tain I v, run <-il, though very slightly, towards the 
window. After 85 m. some of the seedlings, whicli 
had previously been illuminated, were perhaps a little 
affected, and after 100 m. some of the younger ones 
were certainly a little curved towards the light. At 
this time (i.e. after 100 m.) there was a plain difference 
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in the curvature of t)ie seedlings in the two pots. 
After 2 h. 12 in. the chorda of tho arcs of four of 
the most strongly curved seedlings in each pot were 
measured, and the mean angle from the perpendicular 
of those which had previously been kept in darkness 
was 19°, and of those which had previously been illu- 
minated only 7°. Hot diil this difference diminish 
during two additional hours. As a cheek, the seed- 
lings in both pots were then placed in complete dark- 
ness for two hours, in order that apogeotiopism should 
act on them; and those in the one pot which were 
little curved became in this time almost completely 
upright, whilst the more curved ones in the other pot 
still remained plainly curved. 

Two days afterwards the experiment was repeated, 
with the sole difference that even less light was 
admitted through tho window, as it was protected by a 
linen and muslin blind and by two towels; the sky, 
moreover, was somewhat less bright. The result was 
the same as before, excepting that everything occurred 
rather slower. The seedlings which had been pre- 
viously kept in darkness were not in the least curved 
after 54 m., but were so after 70 m. Those which had 
previously been illuminated were not at all affected 
until 130 m. had elapsed, and then only slightly. 
After 145 m. some of the seedlings in this latter pot 
were certainly curved towards the light; and there 
was now a plain difference between the two pots. After 
3 h. 45 m. the chords of the arcs of 3 seedlings in 
each pot were measured, and the mean angle from the 
perpend icidar was 10° for those in the pot which had 
previously been kept in darkness, and only 5° for 
those which had previously been illuminated. 

The curvature of the cotyledons of Phalaris towards 
a lateral light is therefore certainly influenced by tho 
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degree to which they have been previously illu- 
minated. Wo sliull presently see that the influence 
of light on their bending continues for a short time 
after the light has been extinguished. These facts, as 
well as that of the curvature not increasing or de- 
creasing in nearly the same ratio with that of the 
amount of light which they receive, as shown in the 
trials with the plants before the lamp, all indicate 
that light acts on them as a stimulus, in somewhat 
the same manner as on the nervous system of animals, 
and not in a direct manner on the cells or cell-walls 
which by their contraction or expansion cause the 
curvature. 

It has already Ijs cii incidentally shown how slowly 
the cotyledons of Phalaris bend towards a very dim 
light ; but when they wen; placed before a bright 
paraffin lamp their tips were all curved rectangularly 
towards it in 2 h. 20 m. The hypocotyls of Solatium 
lycopersicum had bent in the moruing at right angles 
towards a north-east window. At 1 p.m. (Oct. 21st) the 
pot was turned round, so that the seedlings now pointed 
from the light, but by 5 P.M. they had reversed their 
curvature and again pointed to the light. They had 
thus passed through 180 3 in 4 h., having in the 
morning previously passed through about !)0°. But the 
reversal of the first half of tho curvature will have 
been aided by apogeotropism. Similar cases were 
observed with other seedlings, for instance, with those 
of Siaupis alba. 

We attempted to ascertain in how short a time 
light acted on the cotyledons of Phalaris, but this 
was difficult on account of their rapid circum nutating 
movement; moreover, thuy differ much in sensibility, 
('CConliiig to age; nevertheless, sumo of our observa- 
tions are worth giving. Pots with seedlings we e 
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placed under a microscope provided with an eye-piece 
micrometer, of which each division equalled j-'-gth of an 
inch (0 051 mm.) ; and they were at first illuminated 
by light from a paraffin lamp passing through a solu- 
tion of bichromate of potassium, whii'h does not induce 
heliotropism. Thus the direction in which the coty- 
ledons were circum nutating could be observed inde- 
pendently of any action from the light ; and they could 
be made, by turning round the puts, to cireumnutate 
transversely to the line in which the light would strike 
them, as soon as the solution was removed. The fact 
that the direction of the eiieumnutating movement 
might change at any moment, and thus the plant 
might bend either towards or from the lamp indepen- 
dently of the action of the light, gave an element of 
uncertainty to the results. After the solution had 
been removed, five seedlings wide)] were circumnutat- 
ing transversely to the line of light, began to move 
towards it, in (i, 4, 7£, 6, and 9 minutes. In one of 
these cases, the apex of the cotyledon crossed five 
of the divisions of the micrometer (i.e. T J 0 tli of an 
inch, or 0-254 mm.) towards the light in 3 in. Of two 
seedlings which wore moving directly from the light at 
the time when the solution was removed, one began to 
move towards it in 13 m., and the other in 15 m. 
This latter seedling was observed for more than an 
hour and continued to move towards the light; it 
crossed at one time 5 divisions of the micrometer 
(0-254 mm.) in 2 m. 30 s. In all these eases, the 
movement towards the light was extremely unequal in 
rate, and the cotyledons often remained almost sta- 
tionary for some minutes, and two of them retrograded 
a little. Another seedling which was circum nutating 
transversely to the L' 
4 ni. after the solutiol 
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almost stationary for 10 m. ; then crossed 0 divisions 
of the micrometer in 6 in. ; and then 8 divisions in 
11 m. This unequal rate of movement, interrupted 
by pauses, and at iirst with occasional retrogressions, 
accords well with our conclusion that hcliotropism 
consists of modified circumnutation. 

In order to observe how long the after-effects of 
light lasted, a pot with seedlings of Phalaris, which 
had germinated in darkness, was placed at 10.40 a.m. 
before a north-east window, being protected on all 
other sides from the light; and the movement of a 
cotyledon was traced on a horizontal glass. It cir- 
cunmutated about the same space for the first 24 m., 
and during the next 1 h. 83 m. moved rapidly towards 
the light. The light was now (i.e. after 1 h. 57 m.) 
completely excluded, but the cotyledon continued 
bending in the same direction as before, certainly for 
more than 15 m., probably for about 27 m. The doubt 
arose from the necessity of not looking at the seed-' 
lings often, and thus exposing them, though momen- 
tarily, to the light. This same seedling was now kept 
in the dark, until 2.18 P.M., by which time it had 
reacquired ihruugh apiwutrupism its original upright 
position, when it. was again exposed to the light from 
a clouded sky. l!v 3 p.m. tt had moved a very short 
distance towards the light, but during the next 45 m. 
travelled quickly towards it. After this exposure of 
1 h 27 m. to a rather dull sky, the light was again 
completely excluded, hut the cotyledon continued to 
bend in the same direction as before for 14 m. within 
a very small limit of error. It was then placed in 
the dark, and it now moved backwards, so that after 
1 h. 7 m. it stood close to where it had started from at 
2.18 p.m. These observations show that the coty- 
ledons of Phalaris, after being exposed to a lateral 
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light, continue to bend in the same direction for 
between a quarter and half an hour. 

In the two experiments just given, the cotyledons 
moved backwards or from the window shortly after 
being subjected to darkness; and whilst tracing the 
circumnutation of various kinds of seedlings exposed 
to a lateral light, we repeatedly observed that late in 
the evening, as the tight uaned, I key moved from ii. 
This fact is shown in some of the diagrams given in 
the last chapter. We wished therefore to learn whether 
this was wholly due to apogeotropism, or whether on 
organ after bending towards the light tended from 
any other cause to bend from it, as soon as the light 
failed. Accordingly, two pots of seedling Phalaris 
and one pot of si-edlinir Jira^sica were exposed for 8 h. 
before a paraffin lamp, by which time the cotyledons 
of the former and the hypocotyls of the latter were bent 
rectangularly towards the ligiit. The pots were now 
quickly laid horizontally, so that the upper parts of 
the cotyledons and of the hypocotyls of 9 seedlings 
projected vertically upwards, as proved by a plumb-line. 
In this position they could not bo acted on by apo- 
geotropism, and if they possessed any tendency to 
straighten themselves or to bend in opposition to their 
former heliotropic curvature, this would be exhibited, 
for it would be opposed at first very slightly by apogeo- 
tropism. They were kept in the dark for -1 h., during 
wkich time they were twice looked at ; but no uniform 
bending in opposition to their former heliotropic 
curvature could be detected. We have said uniform 
bending, because they eircumnutatcd in their new 
position, and after 2 h. were inclined in different 
directions (between 4° and 11") from the perpendicular. 
Their directions were also changed after two additional 
hours, and again on the following morning. We may 
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therefore conclude that the bending back of plants 
from a light, when this becomes obscure or is extin- 
guished, is wholly due to apogeotropism.* 

In our various experiments we were often struck 
with the accuracy with which seedlings pointed to a 
light although of small size. To tost this, many seed- 
lings of Phalaris, which had germinated in darkness in 
a very narrow box several feet in length, were placed 
in a darkened room near to and in front of a lamp 
having a small cylindrical wick. The cotyledons at 
the two ends and in the central part of the box, would 
therefore have to bend in widely different directions 
in order to point to the light. After they had become 
rectangularly bent, a long white thread was stretched 
by two persons, close over and parallel, iirst to one and 
then to another cotyledon ; and the thread was found 
in almost every case actually to intersect the small 
circular wick of the now extinguished lamp. The 
deviation from accuracy never exceeded, as far as we 
could judge, a degree or two. This extreme accuracy 
seems at first surprising, but is not really so, for an 
upright cylindrical stem, whatever its position may 
be with respect to the light, would have exactly half 
iis circumference illuminated and half in shadow; and 
as the difference in illumination of the two sides is 
the exciting cause of heliotropism, a cylinder would 
naturally bend with much accuracy tu wards the light. 
'The cotyledons, however, of Phalaris are not cylin- 
drical, but oval in section ; and the longer axis was 
to the shorter axis (in the one which was measured) 
as 100 to 70. Nevertheless, no difference could be 

" It appears from a reference hi-lintropically is at iho same lime 
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detected in the accuracy of their bending, whether 
they stood with their broad or narrow sides facing 
the light, or in any intoninaliato position; and so it 
was with the cotyledons or Avena sativa, which are 
likewise ovul in section. Now, a little reflection will 
show that in whatever position the cotyledons may 
stand, there will be a line of greatest illumination, 
exactly fronting the light, and on each side of this 
line an equal amount of light will be received; but 
if the oval stands obliquely with respect to the light, 
this will be diffused over a wider surface on one side 
of the central line than on the other. We may there- 
fore infr;r that the same amount of light, whether 
diffused over a wider surface or concentrated on a 
smaller surface, produces exactly the same effect; for 
the cotyledons in the long narrow box stood in all 
sorts of positions with reference to the light, yet all 
pointed truly towards ir. 

That the bending of the cotyledons to the light 
depends on the illumination of one whole side or on 
the obscuration of (lie whole opposite side, and not on 
a narrow longitudinal zone in the line of the light- 
being affected, was shown by the effects of painting 
longitudinally with Indian ink one side of five coty- 
ledons of Plmlaris. These were then placed on a table 
near to a south-wist window, and the painted half was 
directed either to the right or left. The result was that 
instead of bondinir in ;l d iivvt. lino Inwards the window, 
they were drileeted from tho window and towards the 
unpainted side, by the following angles, 35°, 83°, 31", 
43', and 39°. It should bn remarked that it was hardly 
possible to paint one-half accurately, or to place all 
the seedlings which are oval in section in quite the 
same position relatively to the light; and this will 
account for the differences in the angles. Five coty- 
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ledons of A vena were also painted in the same manner, 
but with greater care; and they were laterally de- 
flected from the lino of the window, towards the 
un painted side, by the following angles, 44°, 44", 55°, 
51°, and 57°. This deflection of the cotyledons from 
the window is intelligible, for the whole unpainted 
side must have received some light, whereas the oppo- 
site and painted side received none ; but a narrow' 
zone on the unpainted side directly in front of the 
window will have received most light, and all the 
hinder parts (half an oval in section) less and less light 
in varying degrees; and we may conclude that the 
angle of deflection is the resultant of the action of the 
light over the whole of the unpainted side. 

Xt should have been premised that painting with 
Indian ink does not injure plants, at least within 
several hours ; and it could injure them only by stop- 
ping respiration, To ascertain whether injury was thus 
soon caused, the upper halves of 8 cotyledons of Avena 
were thickly coated with transparent matter, — 4 with 
gum, and 4 with gelatine ; they were placed in the 
momiiiir. before a window, and by the evening they 
were normally bowed towards the light, although the 
coatings now consisted of dry crusts of gum and 
gelatine. Moreover, if the seedlings which were painted 
longitudinally with Indian ink had been injured on 
the painted side, the opposite side would have gone 
on growing, and they would coiiti''ijMi:ntlv have become 
bowed towards the painted side ; whereas the curvature 
was always, as wo have seen, in the opposite direction, 
or towards the unpainted side which wan exposed to 
the light. We witnessed the effects of injuring longi- 
tudinally one side of the cotyledons of Avena and 
Phalaris ; for before wo knew that grease n 
injurious to then), .several were r. 
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with a mixture of oil and lamp-black, and were then 
exposed before a window ; others similarly treated were 
afterwards tried in darkness. These cotyledons soon 
became plainly bowed towards the blackened side, 
evidently owing to the grease on this side having 
checked their growth, whilst growth continued on the 
opposite side. But it deserves notice that the curva- 
ture differed from that caused by light, which ulti- 
mately becomes abrupt near the ground. These 
seedlings did not afterwards die, but were much injured 
and grew badly. 

Localised Sensitiveness to Light, and its 
transmitted effects. 

Phalaria Canariensis. — Whilst observing the accu- 
racy with whicli the cotyledons of this plant became 
bent towards the light of a small lamp, we were 
impressed with the idea that the uppermost part deter- 
mined the direction of the curvature of the lower part. 
When the cotyledons are exposed to a lateral light, 
the upper part bends first, and afterwards the bending 
gradually extends down' to the base, and, as we shall 
presently see, even a little beneath the ground. 
Tliis holds good with cotyledons from less' than 
■1 inch (one was observed to act in this manner which 
was only '03 in height) to about '5 of an inch in 
height ; but when they have grown to nearly an inch 
in height, the basal part, for a length of -15 to -2 of 
an inch above the ground, ceases to bend. As with 
young cotyledons the lower part goes on bending, 
after the upper part has become well arched towards 
a lateral light, the apex would ultimately point to 
the ground instead of to the light, did not the upper 
part reverse its curvature and straighten itself, as 
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soon as the upper convex surface of the bowed- 
down portion received more light than the lower 
concave surface. The position ultimately assumed by 
voting and upright cotyledon*, exposed to light enter- 
ing obliquely from above through a window, is shown 
in the accompanying figure (Fig. 181); and here it 
may bo seen that the whole upper pari lias bccomo 
very nearly straight. When the cotyledons were 
exposed before a bright lamp, standing on the same 
level with them, the upper part, which was at first 



Fig. 181. 




Phi/aril Cunariensls: eolyledous after eipoiure in a bni o|wn no one side 
ill r'j-niii of (i m.iU l.-w i:.t uiJid.nv t!i:iin- S h. Ciii-i-aturu ti.n;ir,l: : tin: 
light accurately traced. The short buriiuntal lines thaw 'lie level ul 
lip ground. 

greatly arched towards the light, became straight and 
strictly parallel with the surface of the soil in the 
pots; the basal part being now rectangularly bent. 
All this great amount of curvature, together with the 
subsequ: nt straightening of the upper part, was often 
effected in a few hours. 

After the uppermost part lias become bowed a little to the 
light, ita overhanging weight must tend to increase the curva- 
ture of the lower part; but anj such effect was shown in several 
ways to Ijo quite insik-niticant. When little cops of tin-foil 
(hereafter to bn described) were placed on the summits of the 
coiyh doiis, timr^l; riii.-. must have ridded oonBiderablj to tlii-ir 
weight, tin: vain or milium' of was ant thus increased. 

Uat tin: tn.Tit fv:Jiin:i wtu, a (T: jitI-m. 1 by i.luein-j j!i>ls with soeiltinijs 
of Phalaris liei'oiti :i lasnp m ni'-ih a position, that the cotyledons 
were horizontally estended and proband at l-i^'lit angles to the 
lino of light. . In the course of l>J h. they were directed towards 
the light with their bases bent at right angles ; ar I tlds nbrnpt 
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curvature could nut have been aided in the least by the weight 
cf tho upper part, which acted at right angles to the plane of 

ledons of rhalaris and Anna were enclosed in little pipes of 
tin-foil >i~ :ii ljla.;ki:i!<«! in which bl-c tho upper part was 

mechanically prevented from landing, tho lower and unenclosed 
part did not bend when exposed to a lateral light; and it 
occurred to us that this fact might be due, not to the exclusion 
of the light from the upper part, but to some necessity of the 
bending gradually travelling down the cotyledons, so that 
unless the upper part first be^me bent, the lower could not 
l>end, however much it might ho stimulated. It was necessary 
fur our purpose to nKci-rtrii:i whether this iiolioii was true, and it 
was proved false; for the lower halves of several cotyledons 
became lowed to the light, although their upper halves were 
enclosed in little glass tubes (not blackened), which prevented, 
a- fur :n wu C'liihl judge, tlx ir h. udii:g. Nevertheless, as the 
J'iirt within the tube might possibly bend a very little, line rigid 
rods or fiat splint' is of (bin glass were cemented with shellac to 
one side of the upper part of 15 cotyledons; and in six cases 
they were in addition tied on with threads. They were thus 
forced to remain quite straight The result was that the lower 
halves of all became bowed to the light, hut generally not in so 
great « degree as the corresponding part (if the free seedlings 
in the same pels; and this may p..-rl.a|is he accounted for by 
some flight degree of injury having Ken caused by a consider- 
able surface having been smeared with shellac. It may be 
added, that when the cotyledons of Phalaris and Avena are 
acted on by apogeotropism, it is the upper part which begins 
first to bend; and wiion this part was ivndcrcd rigid in the 
manner just described, the upward curvature of the basal part 
was not thus prevented. 

To k*! oor Iitrlief that the upper part of the cotyledons of 
Phalaris, when exposed to a lateral light, regulates the bonding 
of tho lower part, many experiments were tried; but most of our 
lirst attempts proved useless from various causes not worth 
specifying. Seven cotyledons had their tips cut off for lengths 
varying between 1 and -16 of an inch, and these, when left 
exposed all day lo a l;-ki :d iigki, r, i::a;i:.d uprigli;. In another 
eel of 7 cotyledons, tho tips were cut off for a length of only 
about 0o of ail inch (1-27 uim.) and these became Iiowcd towards 
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a lateral light, but not nearly bo much as the many olhec seed- 
lings in the some pots. This latter cm.™ shows that cutting oft 
the ti|ia docs not i>y itself iumre the plants seriously is.-t to 
prevent hcliotropism ; but wo thought at the timu, that =uch 
injury might follow when ft greater length was cut off, as in the 
u'rst eet of experiments. Therefore, no more trials of this kind 
were made, which we now regret ; as we afterwards found that 
a lien the tips of three ' cotyledons «™ cut off for a length of 
2 inch, and of four others for lengths of '14, '12, -I, and -07 
meh, and they were extended horizontally, the ampuiatiou did 
not interfere in the least with their b ii'.tiiig vertically upwards, 
through the action oi npogootrapism, like tin mutilated speci- 
mens. It is therefore extremely improbable that the amputation 
of the tips for lengths of frotu 1 to 1 i inch, could from the 
injury thus caused have prevented the tower part from bending 
towards the light 

We licit tried the effects of covering the upper part of the 
cotyledons of Phalaris with little caps which were impermeable 
to light ; the whole lower part being left fully exposed before a 
tenth-west window or a bright, pavidliu lamp, ijoino of the caps 
were made of extremely thin tin-foil blackened within; these 
had the disadvantage of occasionally, though rarely, being too 
heavy, especially when twice folded. The basal edges could be 
pressed into close contact with the cotyledons; though this 
again required care to prevent injuring them. Nevertheless, 
any injury thus caused could be detected by removing the caps, 
unit trying whether the coiyln [■ n:s \u:c then :-ctisitivr: lo Jiyht. 
Other caps were made of tubes of the liiinnesl plass, viiieh 
when painted black served well, with the one great disadvantage 
that the lower ends could not he closed. But tubes were used 
which fitted the cotyledons almost dor el y, and block paper was 
placed on tho Boil round each, to check the upward reflection of 
tight from the soil. Such tubes wore in one respect far better 
than caps of tin-foil, as it was possiblo to cover at the some 
time some cotyledons with transparent and others with opaque 
lulus ; and thus our ciperiimuts cmM I n rot-.: :-. 'lie I. il should 
be kept in mind that yoiui£ culylud"iis ivi re selected for trial, 
and that those when not interfered with become bowed down 
to the ground towards the light. 

We will begin with the glass-tnbcs. The summits of nine 
aotyledons, differing somewhat in height, wero enclosed for 
rather loss tluui half their lengths in uneoloured or trauspareiil 
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tubes ; and these wore then exposed liefore a south-west window 
on a bright tiny for 8 h. Ail of them became strongly curved 
tii wards tlio liglit, in the panic degree a* the many other free 
seedlings in the same pots; so that the gloss-tnlies certainly did 
not prevent the cotyledons from lending towards the light. 
Nineteen other cotyledons were, at the same time, similarly 
enclosed in tubes tliu'Hy [minted with Indi;ni ink. On live of 
them, the paint, to our surprise, contracted after exposure 
to the sunlight, and very narrow cracks were formed, through 
which a little light entered ; and these five cases were rejected. 
Of tbo remaining 11 rotylcdnns, tit*! lower halves of which had 
been fully exposed to the light for the whole time, 7 continued 
quite straight and upright; 1 was considerably bo wed to the 
light, aud 6 were slightly bowed, but with the exposed bases of 
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tubes from which an extremely narrow 
varnish had lieen scraped off. These c 
not directed towards the window, but ol 
of the loom, bo that only a very little Ug 


stripe of the black 






24 cotyledons, and they extended down for 




which sufficed to cause all tho other seedlin 


m. and 7 h. 45 m., 


varied in height from only '01 to 115 il 
number were about 75 inch. Of the 24 i 

direction of th/light, ami as they .lid not t 


uTs the light. They 


to the HgbVbut C not in a' degree comparable with that of the 
many free seedling!; in the same pots. As the glass-tulies, when 
unpaintcd, did not prevent the cotyledons from becoming 


greatly bowed, it cannot bo supposed that the ca|* o' very 


'1.',! provt! that th:-. V.hiils ),;„[ ],„! }, t -cu injur, ,1, the caps w,:ra 



pvoved to be highly efficient in preventing tho cotyledons from 
bending towards the light, 8 other cotyledons were protected 
with eiips between only OG and -12 in depth. Of these, two 

towards the light, hut far less so than the free seedlings in the 
eiuue pots. 
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Another trial was mule in a different manner, namely, bj 
bandaging with strips of tin-foil, .".bout "2 in breadth, the upper 
part, Luit unt tin: nHual sauna!', of i-ighl iimilmisly young 
seedlings a little over half an inch in height. The summits and 
tho basal parts were thus left fully exposed to a later.il lid it 
during 8 h.; an upper intermediate zone being protected. 
With four of these seedlings the summits woro exposed for 
a longth of 05 inch, and in two of them this part became 
curved towards the light, but (he whole lower part remained 
quite upright; whereas the entire length of the other two 
seedlings became slightly curved towards the light. Tho 
Bnmmits of tho four other seedlings were exposed for a length 
of '01 inch, and of these one remained almost upright, whilst 
tiio other three became considerably mirved towards the lijiht. 
T;io many free seedlings in tho samo pots wtm; all gnsitiy 
errved towards tho li|.-hl. 

From tiitu; several lifts of esponintrits, including those with 
the glaM t'iKs. au.l thu-* when thu tips «ero cut off. we may 
infer tliat the inclusion of light froni the upper ]iart "( iho 
eitybrdor.s of I'hularii' pi irriiln tilt; lower pari, though fully 
exposed to a 1akr.il :ight. from Woming eurvi-d. The Miir.out 
fjr a length of 01 or 0:> of an ;m;h, though it is ilwlf seus.tive 
and curves towards the light, has oiily a slight power of causing 
the lower part to liend. Nor lias the exclusion of light from tho 
summit for a length of '1 of at: ine/i a strong influence on the 
curvature of the lower part. On the other hand, an exclusion 
for a length of between 15 and -2 of an inch, or of the whole 
upper half, plainly prevents the lower and fully illuminated 
part from becoming curved in the manner (see Fig. 181; which 
invariably occurs when a free cotyledon is exposed to a lateral 
light With very young seedlings the sensitive zone seems to 
extend rather lower down relatively to their height than in older 
seedlings. We must therefore conclude that when seedlings 
are freely exposed to a lateral light some influence is trans- . 
mitted from the upper to tho lower part, causing tho latteffiT 
bend. 

This conclusion is supported by what may he seen to occur 
on a small scale, especially with young eotviedons, without any 
artificial exclusion of the light ; for they liend beneath tho earth 
where no light can enter. Seeds of Pbalaris were covered 
with a layer one-fourth, of an inch in thickness of very fine 
sand, consisting of extremely minute grains of silcx coated with 
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oxide of iron. A layer of this sand, moistened to the same 
degree as that oyer the seeds, was spread over a glass-plate ; and 
when the layer was "OrV of an inch in thickness (carefully mea- 
sured) no light from a bright sty could lie seen to pass through 
it, unless it was viewed through a long blackened tube, and 
then a trace of light could be detected, but probably much too 
little to affect any plant. A layer '1 of an inch in thickness was 
quite impermeable to light, as judged by the eye aided by the tube. 
It may be worth adding that the layer, when dried, remained 
equally impermeable to light. This Mind j iclded to very slight 
pressure whilst kept moist, and in this stale did not contract 
or crack in the least. In a first trial, cotyledons which hud 
grown to a moderate height wercespotr:! for ti h. before ;i pnmlhn 
lamp, and they became greatly bowed. At thoir bases on the 
yhiLiidl side opposite to ihii light, wiJi-ih.-fiiicil, eivsoenl i<:, open 
furrows were formed, which (measured under a microscope with 
a micrometer) were ;f\u:i Oil to 03 of an inch in breadth, and 
these hul evidently bee;, left i>j the bending o: the buried base;! 
of the cotyledons towards the light On the side of the light 
the cotyledons were in close contact with the sand, which was a 
very little heaped up. By removing with a sharp knife the 
sand on one side ui the coiyh duns in the line of the light, the 
l-ent porlion i'Jii.1 the open t'u:'rows were found to extend down 
to a depth of about '1 of an inch, whore no light could enter. 
T'ho chords of the short buried arcs formed in four cases angles 
□f 11°, IS 3 , 15°, and 18°, with the perpendicular. By tho 
following morning these >h<nt bowed portion!! had straighloutd 
Iheni^elves "hrough apogeot ro[u-m. 

In the next trial much younger cotyledons were similarly 
treated, but were exposed to a rather obscure lateral light. 
After some hours, a bowed cotyledon, 'S inch in height, had an 
Dpen furrow on the shaded side -04 inch in breadth; another 
cotyledon, only '13 inch in height, had left a furrow '02 inch in 
breadth. But tho most curious case was that of a cotyledon which 
had just protruded uljovu tho ground and was only '03 inch in 
height, and this was found to bo bowed in the direction of the 
light to a dentil of 2 of an inch beneath the surface. From 
what we know of the impermeability of this sand to light, the 
upper illuminated part in these several eases must have deter- 
mined tho curvature of the lower buried portions. But an 
apparent cause of doubt may l-.o suggested: as tho cotyledons 
are continually ciroumnutating, they tend to form a minute 
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crack or furrow all r<iund their bases, which would admit a 

little lifdit on nil sides; but tills won hi net iiAj>pc:ii when they 
wore illuminated laterally, for wo know that they quickly bend 
towards a lateral light, and they then press so lirmly against the 
mind on the illuminated side as to funw it, and this would 
ciVci-tiiiilly < ■ r i • S u 1 1 h . Iiejii mi i\y..-\ side. .Any IIl'M admitted on 
the opposite and shaded side, where an open furrow is formed, 
would tend to counteract Hie curvatiiro towards the lamp or 
other source of the light It may lie added, that the use of fine 
moist sand, ■.vhieh yields easily In pivssnrc, was indispensable 
in tin; ; i i >i > v i ■ experimmls ; fijr seedling.-; miful in common Goii, 
not kept especially damp, and exposed for i) h. 30 m. to a strong 
lateral liplit, did not form an open furrow at their bases on the 
shaded side, and were tint l*>wed beneath the surface. 

l'erhnp-s the must striking prnnt" of tin- action of the upper 
mi I be h.ivi-r purl of (he co'vledoos of H.alaris, when laterally 
illumi'iuiled, Mil- aii'ordod i>y the; bi:n'!;eiu:d L'las--t ubes (before 
alluded to) with very narrow stripes of the Tarnish scraped 
off on one side, through which a little lijiht was admitted. 
The breadth of these stripes or slits varied between 01 and 
02 inch (''25 and '51 mm.). Cotyledons with their upper 
halves enclosed in such tubas were pUivd lsfore n south-west 
window, in such a )H>Kition, that the scraped stripes did not 
directly face the window, bat obliquely to one side. The seed- 
lings wore loft exposed for 8 h., before the close of which time 
the many free seedlings in the same pots had become greatly 
bowed towards the window. Under these circumstances, tho 
whole lower halves of the cotyledons, which had their summits 
enclose! iii tin: tubes, wen? fully < ; xj .osed to the lijdit of the 
sky, whi!st their upper halves received exclusively or eliiulty 
diffused light from the room, nnd this only through a very 
narrow slit on one side. Now, if tho curvature of the lower 

part had K-cii detenu i 1 by I lie ilbsnibial ion nf this part, all 

the cohicdous Nwnvlly iH'iiH iutie become curved towards 
tho window; but this was far from being the caso. Tubes 
of the kind just described were placed on several occasions 
over the upper halves of 2T cotyledons; 14 of them remaine*-, 
all the time quite vertical; so that sufficient diffused ligi, 
did not enter through tho narrow slits to produce any effecv 
whatever; and they behaved in the tame maimer as if their 
upper halves had been enclosed in completely blackened tubes. 
Tho lower halves of tho 13 other cotyledons became bowed 



UtUP. IX. TRANSMITTED EFFECTS OF LIGHT. 477 



not directly in the lino of the window, but obliquely towards 
it ; ono pointed at an angle of only 18°, but tho remaining 12 
at linens v;ii-yiiiLr iniinviii) Hi" and I'd'' fiv>m tho lint o!' the 
window. At tl:« cuiimameenieuf ul tin.' <-.\ji. ■riniciil, puis had 
been laid on tiie earth in the direction towards which the slits in 
the varnish faced ; and in this direction alone a small amount 
of diffused light entered. At the close of tho experiment, 7 of 
the bowed cotyledons pointed exactly in tho line of tho pins, 
and 6 of them in a line between that of the pins and that of the 
window. This intermediate position is intelligible, for any light 
from the sky which entered ul .".i- L iurly through the slits would 
be much more efficient than the diffused light which entered 
directly through them. After tho 8 h. exposure, tho contrast 
in appearance Mwcin these 13 cotyledons and the many other 
seedlings in the prune pots, which were all (excepting the altove 
14 vertical ones) greatly bowed in straight and parallel lines 
towards the window, was lvmdy remark a hi e. it is therefore 
certain that a little weak light striking the upper halves of the 
cotyledons of I'hahiris, is fur more potent in determining the 
direction of the curvaturo of the lower halves, Hum the full 
illumination of the latter during the whole lime of exposure. 

In confirmation of the above result-!, the effect of thickly 
painting with Indian ink one side of the upper part of threo coty- 
ledons of Phalaris.fora length of *2 inch from their tips, may be 
worth giving. These were placed so that the nn painted surface 
was directed not towards the window, but a little to ono side ; 
and they all became bout towards the unpointed side, and from 
tho line of tho window by angles amounting to 31 °, 35°, and 63°. 
Tho curvature in this direction extended down to their bases, 
although the whole lower part was fully exposed to the light 
from the window. 

Finally, although there can bo no doubt that tho illumination 
of the Upper pari of the cotyledons of Phalnns greatly affects 
tho pawor and manner of landing of the lower part, yet some 
observations seemed to render it. piolubk- thrtt the simoltaneoos 
stimulation of tho lower ]>art by I'ght greatly favours, or is 
almost necessary, fur its well -mar ki d eun.it uiv; hut our exjwri- 
inents were nut cOMi-lnsive, owing to the (hlhVully of excluding 
light from the lower halves without un. eliuuically preventing 
their curvature. 

Aveaa. latino,.— The cotyledons of this plant become quickly 
bewed towards a lateral light, exactly like those of Phalaris. 
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Experiments similar to the foregoing ones were tried, and wc 
will give tlie results «n briefly as pnssihle. They lire somewhat 
less conclusive than in the case of Phalaris, and this may 
possibly be accounted for by the sensitive none varying in exten- 
sion, in a species so long- cultivated junl variable as tho common 
Oat. Cotyledons a little under three-quarters of an inch in 
height were selected for trial : si* had their summits protected 
from light by tin-Pal caps, '20 infill in depth, and two others by 
caps '3 inch in depth. Of these 8 cotyledons, five remained 
upright during B hours of expo- lire, ulthm ;:h their lower parts 
were fully exposed to the lip-lit all the time; two were very slightly, 
and oi;e er)j siili'i'ahi>v bowed towards ii. <li|* uiily ''2 or '2'2 inch 
in depth \yt'.v:\ placed over i t tt 1 1 1 ■ i cot; L^ons, and now only one 
remained n |ifij:lit , one was slip.;ht.!y, ami two r. nisidevably bowed 
to tho light. In this and the following eases all thefree seedlings 
in the some pota l>ecuiiie greatly bowed to the light. 

Our nest trial was made with short lengths of thin and 
fairly transparent qui lis; for e/lass-t ulx.'s of sufficient diameter 
to go over Hie cotyledons would have been too heavy. Firstly, 
tho summits of 13 cotyledons were enclosed in unpainted 
quills, and of these 11 became greatly and 2 slightly bowed 
to the light ; so that the more act of enclosure did not prevent 
tlie lower part from becoming towed. Secondly, tho summits 
of 1 1 cotyledons were enclosed in rpiilla l-i inch in length, painted 
so as to be impermeable to light; of these, 7 did not be- 
come at all inclined towards the light, hut 3 of them were 
slightly bent moro or less transversely with respect to the line 
of light, and these might perhaps have been altogether ex- 
tended; one alone was slightly towed towards tho light. 
Pointed quills, "25 inch in length, were placed over the summits 
of i other cotyledons ; of these, one alone remained upright, a 
second was slightly bowed, and the two others as much bowed 
to the light as the free teedliiiL-.s ia the *ime vols. These two 
latter cases, considering that tho caps were '2o in length, are 
inexplicable. 

Lastly, the summits of 8 cotyledons were coated with flexible 
and highly transparent gold-beaters' skin, and all beeame as 
mnch bowed to tho light as the free seedlings. The summits of 
9 other cotyledons wero similarly coated with gold-boaters' skin, 
which was then painted to a depth of between -25 and -3 inch, 
no as to be impermeable to light; of these 5 remained upright, 
and 4 were well towed to the light, almost or quite as well as 
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the free seedlings. These latter four coses, as woll as the two 
in the last paragraph, offer o strong exception to the rule that 
tho illumination of the upper part determines tho curvature of 
the lower part. Nevertheless, 5 of these 8 cotyledons remained 
quite upright, although their lower halves were fully illuminated 
all the time; and it would almost lie a prodigy to tind five tree 
seedlings standing vertically- after an exposure, fur several hours 
to a lateral light. 

The cotyledons of Aremi, like tlmsc of Phalaris, when growing 
in soft, damp, fine sand, leave an open ereacentrie furrow on the 
shaded side, after bending lo a lateral light; and they become 
bowed, beneath tho surface at a depth to which, us we know, 
light cannot penetrate. The arcs of the chords of tho buried 
bowed portions formed in two cases angles of 20" and 21° with 
the perpendicular. The open furrows on the shaded side were, 
mfourcases, -008, '010, -021, and -03-1 of an inch in breadth. 

JSrasska vkracea (Common Red). — It will laero be shown that 
the upper half of the hypoeotyl of the cabltoge, when illuminated 
by a lateral light, determines the curvature of the lower half. 
It is necessary to experimentise on young seedlings about half 

an inch or ratlin less in keieh', for uln-r: [itoivii to nn inch 1111(1 
Upwards the basal part censes fo bend, "Wo first tried painting 
'11 it. hypO'.'Otyls with Indian ink. or cintieir off then- summits for 
various lengths; but these experiments arc not worth giving, 
though l.bey ivnih-ni. as fur as thoy can bo trusted, the results 
of the following ones. These were made by folding gold-beaters' 
skin once round the ii|>]vi' hakes, of Joiing hypocotyls, and 
painting it thickly with Indian ink or with blind; grease. As 
a control experiment, the same transparent skin, left unpitintcd, 
was folded round the upper halves of 12 hypocotyls : and these 
all became greatly curved to the light, c-YW-psmg one. which was 
only moderately curved. Twenty other young hypoeotyls had 
the skin round their upper halves painted, whilst tbeir lower 
halves were left quite uncovered. These seedlings were then 
exposed, generally for between 7 and 8 h., in a box blackened 
within and open in front, either before a south-west window or 
a paraffin lamp. This exposure was amply sufficient, as was 
shown by llie s! ront-dy-inni k>"l heliH ioi:,isie of nil the free seed- 
lings in the same pots; nevertheless, some were left exposed 
to tho light for a much longer time. Of tho 'JO hvimcotyls 
thus treated. It remained unite liprndd. and t> btvavno sli c l,tly 
bowed to tin: lieht, but 2 nfthese hdttr ra-;s were not ready 
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ul trial on any one day (included in the 
rtli describing in detail. Six young seed- 
e hypocotyls of which were nearly '45 inch, 
was - ti inch in height, measured from the 



diirtinmni ro.Hii l.tiiro it lirlyhl pJLtdlliii lump, wliidi stood on 
a level with the two pots containing the seedlings. They 
wore fret looked at after no interval of 5 h. 10 m., and five 
of the protected hypocolyls were found quite erect, the sixth 
being very slightly inclined to the light; whereas all the many 
l.'oo seedlings in the same two pots were greatly bowed 
lo the light. They were again examined after a continuous 
exposure lo the li-lil of 2I.Mi. li.un. ; uttd now the ciwitrast 
between the two si'te was wi-yA- chill v p-eat ; for the free seed- 
lings had their hypoeotyls extended almost horizontally in the 
direction of the light, and were curved down to tho gronnd; 
whilst those with the upper halves protected by the painted 
Bkin, but with their lower halves fully exposed to the light, still 
remained quite upright, with the exception of the one whieli 

retained the wtnw slight iuclinaliou to the light which it had 
before. This latter seedling was found to have been rather 
badly painted, for on tho side facing the light the rod colour 
of the hypocoty! could be distinguished through the paint. 

We next tried nine older seedlings, the hypocotyls of which 
varied between 1 and 1-6 inch in height Tho gold-beaters' 
akin rouud ihu:r upper ]jurts was panted with hla;k grcuw to 
adtpthof only :t -n'r-li.tbat is. from It-x tl.au a third toa Imirtfc 
or fifth of IhOir tolil heights Tiiry wero ftjp-iRcd to light 
f..r 7 h. lo m ; and the result showed that tho «-)io!e of tbu 
bunsitivo zor.o, which determines tho lurvaturo of the loww 
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part, was not protected from the action of the light ; for all 9 
became curved towards it, 4 of thrim very slightly, 3 moderately, 
and 2 almost as much as tl iprole 'led ? red lings. Neverthe- 
less, the whole 9 taken toother differed plainly in their degree 
of curvature from the many free seedlings, and from some 
which were wrapped in unpaintcd skin, growing ii. '.he ?;ime 

two pots. 

Seeds were covered with alxmt a. quarter or an inch of the fine 
sand described under Phahiris ; mid when (he hypocotyls had 
gii>v;ii lo sl height of Louvceu '1 mid -."hi inch, they were exposed 
during lib. before it paranin lump, their liases being at first 
closely surround' d by the dump sand. They all became bowed 
down to the ground, so tint' Hicis upper pads lay near to and 
almost parallel to tbe surface of the soil. On the side of the 
light their liases were in close contact with the sand, which was 
here a very little heaped up; on the opposite or shaded Bide 
there were open, crcsecntie cracks or furrows, rather above '01 
of an inch in width; but they were Tint so sharp and regular 
as those made by Phalaris and A vena, and therefore could not 
lie so easily measured under the niieroscopo. The hypocotyla 

were found, when the sand was removed on ono side, to be 
curved to a depth beneath the surface in three cases of at least 
•1 inch, in a fourth case of 11, and in a fifth of 15 inch. The 
chords of the arcs of the short, buried, bowed portions formed 
angles of between 11° and 1;V with the perpendicular. From 
what we have seen of the impermeability of this sand to light, 
the curvature of the hypocotyls certainly extended down to a 
depth where no light could enter; and the curvature must 
have been caused by an influence transmitted from the upper 
illuniinaled nart. 

The lower halves of five young hypoeotyls were surrounded by 
unpaiDted gold-beaters' skin, and these, after an exposure of 8 h. 
before a paraffin lamp, ail became as much bowed to the light 
as the free seedlings. The lower halves of 10 other young 
hypoeotyls, similarly surrounded with the skin, were thickly 
painted with Indian h.k ; their upper and unprovided h, lives 
became well carved to the light, but their lower and protected 
halves remained vertical in all the cases excepting one, and on 
this the layer of paint was imperfect This result scorns to 
prove that the influence transmitted from the upper part is 
not sufficient lo cause the lower part to bend, unless it bo at 
tho same time illuminated; but there remains the doubt, as in 
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the case of Phaiaris, whether the skin covered with a lathe* 
thick crust of dry Indian ink did not mechanically prevent 
tlicir curvature. 

Beta vulgaris.^ A few analogous experiments wore tried on 
this plant, which is not very well adapted for (he purpose, as the 
basal part of the hypocotyl, after it has grown to above half an 
inch in height, dues not bend much on exposure to a lateral 
light. Four hypocotyls were surrounded close beneath their 
petioles with strips of thin tin-foil, '2 inch in breadth, and they 
remained upright all day before a paraffin lamp; two others 
wero surrounded with strips -l'j inch in breadth, and one of 
these reraaiued upright, the other becoming bowed; tho band- 
ages iu two other cases were only ■ 1 inch in breadth, and both 
of theso hypocotyls hcf.;i;ic l<tv><;.l. iiinij.-!; ono only slightly, 
towards the light. The free seedlings in tiie same pots wore 
all fairly well curved towards the light; and during the follow- 
ing night became nearly upright. The pots were now turned 
round and placed before a window, so that the opposite sides 
of the seedlings were exposed to the light, towards which all 
(he unprotected hypocotyls becamo bent in the course of 7 h. 
Seven out of the & seedlings with bandages of tin-foil remained 
upright, but one which had a bandage only '1 inch in breadth, 
became curved to the light. On anothi-r occasion, the upper 
halves of 7 hypocotyls wero surrounded with painted gold- 
beaters' skin ; of these 4 remained upright, and ii became a little 
curved to the light: at the some time 4 other seedlings sur- 
rounded with Unpointed skin, as well as the free ones in the 
same pots, all became bowed towards the lamp, before which 
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it to bend. The case in this respect is parallel with that of 
the radicles of several planl.K, tliu lips of which arts sensitive to 
contact and to other irritants, and, as will be shown in the 
eleventh chapter, to gravitation. 
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Concluding Remarks and Sdmmary of Chapter. 

We do not know whether it is a general rule with 
seedling plants that the illumination of the upper 
part determines tho curvature of the lower pari. But 
da this occurred in the four species examined by us, 
belonging to such distinct families as tho Gramineai, 
Crucifenu, and Chenopodeie, it is probably of common 
occurrence. Il can hardly tail to 1".: of service Ui seed- 
lings, liy aiiiing liiciii in find the shortest path from 
the' buried seed to the light, on nearly the same 
principle that the eyes of most of the lower crawling 
animals arc seated at the anterior ends of their bodies. 
It is extremely doubtful whether with fully developed 
plants the illumination of one part ever affects the 
curvature of another part. The summits of 5 young 
plants of Ani>ar'.ii/ns ofjviiwilix (varying in height be- 
tween l'l and 2"7 inches, aud consisting of several 
short internodes) were covered with caps of tin-foil 
from 0-3 to inch in depth; and the lower un- 
covered parts became as much curved towards a lateral 
light, as were the free seedlings in the same pots. 
Other seedlings of the same plant had their summits 
painted with Indian ink with the same negative result. 
Pieces of blackened paper were gummed to the edges 
and over the blades of some leaves on young plants of 
Tropxolum majus and liunutwttlue jicuria ; these were 
then placed in a box before a window, and the petioles 
of the protected leaves became curved towards the 
light, as much as those of the unprotected leaves. 

The foregoing cases with respect to seedling plants 
have been fully described, not only because the trans- 
mission of any efl'eet from light is a new physiological 
fact, but because we think it tends to modify somewhat 
the current views on heliotropic movements. Until 
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lately such movements were believed to result simply 
from increased growth on the shaded side. At present 
it is commonly admitted * that diminished light in- 
creases the turgesceiiet.' of the cells, or flic extensibility 
of the cell-walls, or of both together, on the shaded 
side, and that this is followed by increased growth, 
J Jut I'fell'er has shown t hat it difference iit ihe uir- 
k'escenee en the two sides of a pulvinits, — that is, an 
aggregate of small cells which have ceased to grow at 
an earlyage, — is excited l>v a difference in tho amount 
of light received by the two sides; and that move- 
ment is thus caused without being followed bv in- 
creased growth on the more tnrgescent side.t AH 
observers apparently believe that light acts directly 
on tbe part which bends, but wo have seen with the 
above described seedlings that this is not the case. 
Their lower halves were brightly illuminated for hours, 
and yet did not bend in the least towards the light, 
though this is the pirt which under ordinary circum- 
stances bonds the most. It is a still more striking 
fact, that the faint illumination of a narrow stripe on 
one side of the upper part of t lie cotyledons of Phalaris 
determined the direction of the curvature of tin: Imier 
part ; so tluil tin's latter part did not bond towards the 
bright light by which if had been fully illuminated, 
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but obliquely towards one side where only a little 
light entered. These results seem to imply the pre- 
sence of some matter in the upper part which is acted 
on by light, and which transmits its effects to tho 
lower part. It has been shown that this transmissie,.! 
is independent of the hending of the upper sensitive 
part. We have an analogous case of transmission in 
Druse ra, for when u fjlanil is imtatod, the basal and 
not the upper or intermediate part of the tentacle 
bends. The llexiblo ami sensitive filament of Diomca 
likewise transmits a stimulus, without itself bending ; 
as does the stem of Mimosa. 

Light exerts a powerful influence on most vege- 
table tissues, and there can be no doubt that it 
generally tends to chuck their growth. But when the 
two sides of a plant are illuminated in a slightly 
different degree, it does not necessarily follow that 
tho bending towards tho illuminated side is caused by 
changes in the tissues of the same nature as those 
which lead to increased growth in darkness. Wo 
know at least that a part may lend from the light, 
and yet its growth may not be favoured by light. 
This is the case wish tho mdiolos of Siuapis alba, which 
are plainly apheliotropie ; nevertheless, they grow 
ijiisukor in darkness than in light.* So it is with 
many aerial roots, according to Wiesner ;t but there 
are other opposed cases. It appears, therefore, that 
light does not determine the growth of apheliotropie 
parts in any uniform manner. 

We should bear in mind that the power of bending 
to the light is highly beneficial to most plants. There 



* Frnnoio Darwin, ' Obcr dan Hofl iii., 1B80, p. 621. 
■Wiwlistlmm negntiv lii-lk.trc;.:- f ' s,i,t,. k. Akiut i!,t Wis 
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is therefore no improbability in this power having teen 
specially acquired. In several respects light seims to 
act on plants in nearly^ the same manner as it does 
on animals by means of the nervous system.* With 
seedlings the effect, as we have just seen, is trans- 
mitted from one part to another. An animal may be 
excited to move by a very small amount of light ; and 
it has been shown that a difference in the illumination 
of the two sides of the cotyledons of Phalaris, which 
could not be dist.iisfriiislicl by the human eye, sufficed 
to cause them to bend. It lias also been shown that 
there is no close parallelism between the amount of 
light which acts oil a plant and its degree of curva- 
ture; it was indeed hardly possible to perceive any 
difference in the curvature of some seedlings of Phalaris 
exposed to a light, which, though dim, was very much 
brighter than tbat to which others had been exposed. 
The retina, after being stimulated by a bright light, 
feels the effect for some time ; and Phalaris continued 
to bend for nearly half an hour towards the side which 
had been illuminated. The retina cannot perceive 
a dim light after it has been exposed to a bright one ; 
and plants which had been kept in the daylight 
durinj: the previous day and morning, did not move 
so soon towards an obscure Intend light as did others 
which had been kept in cinnplete darkness. 

Even if light does act in such a manner oil the 
growing parts of plants us always to excite in them 
a tendency to bend towards the more illuminated 
side— a supposition contradicted by the foregoing 
experiments on seedlings and by all apheliotropic 

* pBcbalinsmndisaonio striking Pee liia paper ' I'^ber orthotrope 
remark* to ll™, wuuis i-slu;t "*'<■>' ].lj.-iolrnp" I'flmir.toiliieile. 

reepeot tu tire vurious stimuli 1 Arh-dfa. But. Inrt. in Wflrebarg- 

niiir-li-.v^ti. irM.vmntia in plant*. 1*711 li. ii. p. : ->82. 
S3 



18S 



C0XCLUD1XG HEMAUKS AND Cbat. IX 



organs— yut the tendency cltfTurs greatly m different 
species, and is variable in degree in the individuals of 
the same species, as may be-seen in almost any pot 
of seedlings of a long cultivated plant." There i3 
therefore a basis for the modification of this tendency 
to almost any beneficial extent. That it has been 
modified, we see in many cases: thus, it is of moro 
importance for insectivorous plants to place their 
leaves in the best position for catcliing insects than 
to turn their leaves to the light, and they have 
no sni'h power. If (lie stems of twining plants wore 
to bend towards the light, they would often bo drawn 
away from their supports ; and as we have seen they 
do not thus bend. As the stems of moat other plants 
aro hcliotropic, wo may fuel almost sure that twining 
plants, which are distributed throughout the whole 
vascular series, have lost a power that their non- 
climbing progenitors possessed. Moreover, with Ipo- 
moca, and probably all other twiners, the stem of the 
young plant, before it begins to twine, is highly helio- 
tropic, evidently in order to expose the cotyledons or 
the first true leaves fully to the light. With the Ivy the 
stems of seedlings are moderately hcliotropic, whilst 
those of the same plants when grown a little older 




fW. IX. SUMMARY OF CHAPTER. 



■189 



are apheliotropic. Some tendrils which consist of 
modified leaves — organs in all ordinary cases strongly 
diaheliotropic — have been rendered apheliotropic, and 
their tips crawl into any dark crevice. 

Even in the case of ordinary heliotropic movements, 
it is hardly credible that they result directly from 
the action of the light, without any special adaptation. 
We may illustrate what we mean by the hygroscopic 
movements of plants : if the tissues on one side of an 
organ permit of rapid evaporation, they will dry 
quickly and contract, causing the part to bend to this 
side. Xow the wonderfully complex movements of 
the pollinia of Orchis pyramidalis, by which they clasp 
the proboscis of a moth and afterwards change their 
position for the sake of depositing the pollen-masses 
on the douhle stigma — or again the twisting move- 
ments, by which certain seeds bury themselves in 
the ground* — follow from the manner of drying of 
the, parts in question : yet, no otic will supposo that 
these results have been gained without, special adapta- 
tion. Similarly, we are led to believe in adaptation 
when we see the hypoeotyl of a seedling, which contains 
chlorophyll, bending to the light ; for although it thus 
receives less light, being now shaded by its own coty- 
ledons, it places them — the more important organs — in 
the best position to be fully illuminated. The hypo- 
cotyl may therefore be sai'i to sacrifice itself for the 
good of the cotyledons, or rather of the whole plant. 
Hut if it be prevented from bending, as must some- 
times occur with seedlings springing up in an en- 
tangled mass of vegetation, the cotyledons themselves 
bend so as to face the light ; the one farthest off rising 



• Franoia Darwfn, 'On the Hy- aeltnna Linn. Soc.,' aeries li. lol.l 
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up, and that nearest to the light sinking down, or 
both twisting laterally." We may, also, suspect inat 
the extreme sensitiveness to light of the upper part 
of the sheath-like cotyledons of tiie Grammese, and 
their power of transmitting its effects to the lower 
part, are specialised arrangements for finding the 
shortest path to the light. With plants growing on 
a bank, or thrown prostrate by the wind, the manner 
in which the leaves move, even rotating on their own 
axes, so that their upper surfaces may be again directed 
to the light, is a striking phenomenon. Such facts 
are rendered more striking when we remember that 
too intense a light injures the chlorophyll, and that 
the leaflets of several Leguminosa! when thus exposed 
bend upwards and present their edges to the sun, thus 
escaping injury. On the other hand, the leaflets of 
Averrhoa and Oxalis, when similarly exposed, bond 
downwards. 

Ifc was shown in the last chapter that heliotropism 
is a modified form of circumnutation ; and as every 
growing part of every plant cireumnutates more or less, 
we can understand how it is that the power of bending 
to the light has been acquired by such a multitude 
of plants throughout the vegetable kingdom. The 
manner in which a circuin nutating movement — that 
is, one consisting of a succession of irregular ellipses 
or loops — is gradually converted into a rectilinear 
course towards the light, has been already explained. 
First, we have a succession of ellipses with their 
longer axes directed towards the light, each of which 



* Wlosr.rr IinsmBihi romarksfn ductal from B. Imth. (187S) 
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is described nearer and nearer to its source ; then the 
loops &tq drawn out into a strongly pronounced zigzag 
line, with here and there a small loop still formed. 
At the same time that the movement towards the light 
ia increased in extent and accelerated, that in the 
opposite direction is lessened and retarded, and at last 
stopped. The zigzag movement to either side ia 
likewise gradually lessened, so that finally the course 
becomes rectilinear. Thus under the stimulus of a 
fairly bright light there is no useless expenditure of 
force. 

As with plants every character is more or less 
variable, there seems to be no great difficulty in be- 
lieving that their ci re urn nutating movements may 
have been increased or modified In any beneficial 
manner by the preservation of varying individuals. 
The inheritance of habitual movements is a necessary 
contingent for this process of selection, or the survival 
of the fittest ; and we have seen good reason to believe 
that habitual movements are inherited by plants. In 
the case of twining species the circuni nutating move- 
ments have been increased in amplitude and rendered 
more circular ; the stimulus being here an internal 
or innate oue. With sleeping plants the movements 
have been increased in amplitude and often changed 
in direction ; and here the stimulus is the alternation 
of light and darkness, aided, however, by inheritance. 
In the case of heliotropism, the stimulus is the unequal 
illumination of the two sides of the plant, and this 
determines, as in the foregoing cases, the modifica- 
tion of the circumnutating movement in such a manner 
that the organ bends to the light. A plant which 
has been rendered heliotropic by the above means, 
might readily lose this tendency, judging from the 
cases already given, as soon as it became useless or 
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injurious. A species which has ceased to bo helio- 
tropic might also be rendered apheliotropic by the 
preservation of the individuals which tended to cir- 
cumnntate (though the cause of this and most other 
variations is unknown) in a direction more or less 
opposed to that whence the light proceeded. In like 
manner a plant might be rendered d label iotropic. 
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CHAPTER X. 

"SIlJlUFIEII ClIittJISUT.VrKJS : MllVIIJILKTS EXCITED BY G.:iVIT.lTIO'J. 
jruilna nf n!iji'iViLli:iTl • - A| !■;<;-■ •[ D| i-ni — Cv' i>i;s— Vr-rln-ljsi — IMa — 
Gradual am version of tlie uinvHiirnt nf cirniiianutatioa iuto api>geo- 
tmpi^u in Hilling Li liii i ii, ['hubris, A il. nml lira-aim — Apogee 
topisui refunded by li esotropia in— Eflefited by tlie Bid of joints 
or pulrini— MoremcntB of flower-peduucka of Osalis — General 
riMiiik. [jh :iji'!-,'n>l;i)|i:i;rii— (}« trupisin— Mnvrlm'lila of railwlea ■ 

liuryiog of seed -oopeuli «— Osa of process — Trifblium Bubtcrianema 
-Araebis-Ampliicorpma-DL.gcotropism-ConcluBion, 

Our object in the present chapter is to show that 
geotroptsm, apogeotropism, and diageotropism are mo- 
dined forms of circumnntation. Extremely fine fila- 
ments of glass, bearing two minute triangles of paper, 
were fixed to the summits of young stems, frequently 
to the hypocotyls of seedlings, to flower-ped uncles, 
radicles, &c, and the movements of the parts were 
then traced in the manner already described on 
vertical and horizontal glass-plates. It should be 
remembered that as the stems or other parts become 
more and more oblique with respect to the glasses, the 
figures traced on them necessarily become more and 
more magnified. The plants were protected from light, 
excepting whilst each observation was being made, and 
then the light, which was always a dim one, was 
allowed to enter so as to interfere as little as possible 
with the movement in progress ; and we did not detect 
any evidence of sncli interference. 

When observing the gradations between ciicumnu- 
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tation and lieliotropism, we had the great advantage of 
being able to lessen the light ; but with geotropisai 
analogous experiments were of coarse impossible. 
We could, however, observe the movements of sterna 
placed at first only a little from the perpendicular, id 
which case gcotropism did not act with nearly so much 
power, as when the stems were horizontal and at right 
angles to tho force. .Plants, also, were selected which 
were but feebly geotropie or apogeotropic, or had 
become so from having grown rather old. Another 
plan was to place the stems at first so that they pointed 
30 or 40 degrees beneath the horizon, and then apo- 
geotropism had a great amount of work to do before 
the stem was rendered upright ; and in this case 
ordinary ci re um nutation was often not wholly oblite- 
rated. Another plan was to observe in the evening 
plants which during tho day bad become greatly 
curved heltotropiually ; for their Btems under the gra- 
dually waning light very slowly became upright through 
the action of apogeotropism ; and in this case modified 
circumnutation was sometimes well displayed. 

Apoywtrophm— Plants were selected {or observation almost 
by chance, cscBptiii^ that, tlmy worn taken from widely different 
families. If the stem of a plant which is even moderately 
sensitive to apogeotropism be placed horizontally, the upper 
growing part bemk tiuiokh- upwards, so as to become perpen- 
dicular; and tho line traced by joining the dots successively 
made on a glass -plate, is generally almost straight. For in- 
stance, a 3'oung Vgtims frutjrvwi, 12 inches in height, was placed 
so that the stein projected 10° beneath the horizon, and its 
course was traced during 72 h. At first it bent a very little 
douuwards (Fig. 182), owing no doubt to the weight of the 
stem, as this occurred with most of the other plants observed, 
though, as they were of course circumuutating, tho short down- 
ward lines were often oblique. After three-quarters of an hour 

hours, but much more slowly dnrmi: the a ftffin oon and night, 
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and on the following day. imring the second night it fell 
a little, and circnmnntatod 

.luring the following d:.y; but it 
also moved a short distance to 
the right, which was caused by 
a Littlo light having biv.n ac- 
cidentally admitted on this side 
The stem, was now inclinodi 
61)' above the horizon, and had 
therefore risen 711". "With time 
allowed it would proltiiblv have 
become upright, and no doubt 
would havo continued eircum- 
nntating. The sole remarkable 
feature in the figure here given 
is the straightness of the course 
pursued. The stem, however, 
did not move upwards at an 
equable rate, and it sometimes 
stood almost or quite still. 
Such periods probably represent 
attempts to circmnniitato in a 
direction opposite to apogeo- 
tropism, 

The herbaceous stem of a 
Verbena metindm (?) laid hori- 
zontally, rose in 7 h. so much 
that it could no longer be 
observed on the vortical glass 
which stood in front of the plant. 
The long lire which was traced 
was almost absolutely straight. 
After the 7 h. it still continued 
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slightly. On the following day 
it stood upright, and oirenm- 
nutated regularly, as shown in 
Fig. 82, given in the fourth 

chapter. The stems of several 
jther plants which were highly 

sensitive to njwpcotropism rose ni "fin! Zatri^mnim 

up in almost straight lines, and thirds of original scale. 



itisui fragrant ; npopHitroptclnQTS 
incut of stem (run, 10" twiiwilli (' 
80° sboTe horizon, traced on vcr 
tical glssi, from 8.30 AJl. Murd 
12th to 10.30 P.M. 13th. Tha sub- 
sequent cirenmnntsii eg moreni eat 
h likewise shown up to 6.45 a.m. 
on the ISth. Nocturne! course 
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lUen suddenly began to circon 
Fit. 183. rts-sSp*,. 



Stla 




nutate. A partially etiolated 
and somewhat old hypocotyl 
of a seedling cabbage (2i 
inches in height) was so 
sensitive that when placed 
at an angle of only 23' from 
the perpendicular, it become 
vortical in 33 minutes. As 
it could not have licen 
strongly acted upon by 
apogeotropism in the abovo 
slightly inclined position, 
we expected that it would 
have circumuutatod, or at 
least have moved in a zig- 
zag course. Accordingly, 
dots were maile every 3 
minutes; but, when these 
wore joined, the lino was 
nearly straight. After this 
hypocotyl had become up- 
right it still moved onwards 
for half an hour iuthe same 
general direction, but in a 
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w .Vertl«l positi.D.wHh.uteeq^nt L-enentl. the hoi 
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nu a Ui.J-i.-miMl (- i:n y[.. J^n, (1 

428 A.M. S.pt- 28th to 8.40 A.M. 29th. ° < M . 
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oblique. Daring the next 3 h. 8 m. it rose in a nearly straight 
line, passing through an angle of 109°, and then (at 12.3 P.m.) 
stood upright. It continued for 55 in. to move in the some 
general direction beyond the perpendicular, bnt in a zigzag 
cuursc. Is returned also in n zigzag line, and then eircummi- 
tated regularly, describing three large ellipses during the 
remainder of the day. It should be observed that the ellipses 
in this figure are exaggerated in size, relatively to the length of 
the upward straight lino, owing to the position, of the vertical 
and horizontal glass- plates. Another and somewhat old hypo- 
cotyl was placed so as to stand at only 31° from the perpen- 
dicular, in which position apogee I ropism acted on it with little 
force, and its course accordingly was slightly zigzag. 

The sheath-like cotyledons of Fkabm» Canarientit are ex- 
tremely sensitive to npogcotropism. One was placed so as to 
project 40" beneath the horizon. Although it was rather oM 
and 13 inch in height, it became vertical in 4 h. 30 m., having 
passed through an angle of I30°in a nearly stxaightline. It then 
suddenly begun to circumnutato in the ordinary manner. The 
cotyledons of this plant, aftor the first leaf has begun to pro- 
trude, are but slightly apogeotropic, though they still continue 
to circumnutate. One at tins stage of development was placed 
horizontally, and did not become upright oven after 13h.,anditB 
course mis. eliirhtly Ki f ;iaig. So, again, a rather old bypocotyl 
of Cassia torn (li inch in heidit) required i!H h. to become up- 
right, audits course was distinctly zi'l'Ziic; ; vh:k-i younger hypo- 
cotyls moved much m.'u-ii quickly and in a- [.early straight line. 

When a horizontally placed stem or other organ rises in a 
zigzag line, we may infer from the many cases given in our 
previous chapters, that wo have a modified form of cireumnu- 
tation; but when the course is straight, there is no evidence 
of circumnutation, and any mie might maintain that this latter 
movement had been replaced by one of a wholly distinct kind. 
This view seems the moro probable when (as sometimes 
occurred with the hvraicotyls of lirassLca and Ee'.a,, the stem:; ot 
Cuciirbita, ar.d the cotyiedr.us of ['hakrisj the part in question, 
after bending up inn straight course, suddenly begins to circtim- 
nutide to the full extent and in the usual manner. A fairly 
good instance of a sudden change of this kind — that is, from a 
nearly straight upward movement to one of circunmntation — 
is shown in Fig. 163; but more striking instances were occa- 
sionally observed with Beta, Brassies, and Phalaris. 

Wo will now describe a few cases in which it may be 
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vxd how gradanlly circnm nutation lxiconics changed inlo3pogeo- 
tropism, under circumstances to bo specified 

e ' in each instance. 

IMu idam (hybrid).— A young plant, 11 

| inches in height, growing in a pot, was placed 

1 „- horizontally ; and the upward movement was 

i I, traced during nearly 70 h.; but the plant, 

a ^ though growing vigorously, was not highly 

L -a -g sensitive to apogootropisni, or it was not 

(*f— J S ■ capable of quick movement, fnr durinc; the 

<Qi 5-1 above time it rose only 67°. We may see in 
the diagram (Fig. ltii) that during the first 
day of 12 h. it rose in a nearly straight line. 

5 - When placed horizontally, it was evidently 

1" circumnu latin g, for.it rose at first a little, 

jj* notwithstanding the weight of the stem, and 

■3 & then sank down; so that it did not start on 

■B o its permanently npward course until 1 h. 

tZ 25 m. hod elapsed. On the second day, by 

■ 1 which time it hod risen considerably, and 

D 1 -when apogeotropisin acted on it with somewhat 

| £ less power, it fi cosux; during 15! h. was clearly 

3 m zigzag, and the rate of the upward movement 

£"" was not equable. Luring the third day, also 

• i of 151 h., when apogootropism acted on it 

f 3 °* with E,il1 lcsK V owr < ^ ,C!I1 plainly circum- 

; | H nutated, for it moved during this day 3 times 

i I a, Hp and 3 times down, 4 times to the left and 

| £ 4 to Die right. But the course was socomplex 

| b - that it could hardly be traced on the glass. 

! E ™ We can, however, see that the successively 

/ formed irregular ellipses rose higher and 

i ^js higher. A p oe eo trap: sm continued to lu.'t. on 

I " H the fourth morning, as the stem was still 

f So rising, though it now stood only 23° from the 
perpendicular. In this diagram the several 

f f stages may be followed by which an almost 

1 jj rectilinear, upward, apogeotropic course first 

/ « becomes zigzag, and then changes into a 

f ? circumnntatiiig movement, with most of the 

Lf 5 successively formed, irregular ellipses directed 

™ upwards, 
Lfflvm avmtum.—A plant 23 inches in height was placed 
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horizontally, anil the upper part of the stem r 
in the manner shown in the accom- 
panying diagram (Fig. 185). We here Ft 
eeo that during the whole of the 
second day of 15 i h., the stem plainly 
ciruumnu tut i'il whilst briiiling upwards 
ihi-ini^h apo^fhitroijisHi. It had still 
to rise considerably, for when tho last 
dot in the figure was made, it stood 
32" from an upright position. 



Phat 
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of this plant (1-3 inch in lieight) has 
already been described as rising in 
4 h. 30 m. from 40° beneath the hori- 
zon into a vertical position, passing 
through an angle of 130° in a nearly 
straight lino, and then abruptly be- 
pi lining to iriiv.uiiinntate. Another 
somewhat old cotyledon of tho same 
height (but from which a true leaf 
hod not yet protruded), was similarly 
placed at 40 a beneath the horizon. For 
the first 4h. it rose in a nearly straight 
course (Fig. 18G), so that by 1.10 p.m. 
it was highly inclined, and now apo- 
pcotropisiu acted on i! with much less 
power than before, and it began to 
zigzag. At 4.15 p.m. (i.e. in 7 h. from 
the commencement) it stood vertically, 
and afterwards continued to circum- 
nutata in the usual manner about tho 
same spot. Here then wo hare a 
graduated change from a straight up- 
ward apogeotropic course into dream- Lilian ™™t™ .- .i*^, 
nutation, instead of an iibruj.it ulyiijw, tn.pic m . -i i n i. t <>j' si cm. 
as ia tho former ease. 0D „° ™"'<^ S 1 ** 

Jve,* ni^-The eheath-Iikecoty- L^'Iao J. 

lodons, whilst young, are strongly apo- l\zvch lS:h t.> 8 a.m. 
gcotropic ; and some which were placed -" t;i ' mlti™! u 

at 45° beneath the horizon rose 00° in ^i";;" 11 th " UTi « ,m] 
7 or 8 h. in lines almost absolutely 

rtraight An oldish cotyledon, from which the first loaf began to 
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protrude whilst the fol- 
lowing observation!; were 
being made, was placed 
at 10° beneath the horizon, 
and it roue only 59° in 
24 h. It behaved rathor 
(lilicTcntlyii'om any other 
plant, observed bj us, for 
during the first ii h. it 
rose in a line not far from 
straight; daring the next 
61 h. it oircum nutated, 



thai ii 



again ascended in a 
strongly marked zigzag 
course; it then resumed 
its upward movement in 
a iniHlcr.'ikly sf riiijJit line, 
and, villi time allowed, 
no doubt would have be- 
come upright In this 
case, after the Erst 4i h., 
ordinary circurtinutat ion 
almost completely con- 
quered for a time apogeo- 

Brassiai aferacta.— The 
hypoeotyls of several 
young seedlings placed 
ln.riwMilally, rose up ver- 
tically in the course of 6 
or 7 h. in nearly straight 
lines. A seedling which 
hid LTOwn. in darkness to 
a height of 2i inches, and 
was therefore rather old 
and not highly sensitive, 
was placed so that the 
nove- liypocotyl prqh.-H ml nt U:- 
nieal twetE SO* and 40° beneath 
^P 1 " the horizo.i. The upper 
part alone t'jeame curved 
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upwards, and rose during the first 3 h. 10 
line (Fig. lrJ7); but it was not 
possible to trace tlio upward move- 
ment on the vertical glass for the 
first 1 h. 10 to., so that the Dearly 
straight line in the diagram ought 
to have been mush longer. During 
tho nest 11 h. the liypocotjl circum- 
nutated, describing irregnlarfigures, 
each Of which rose a little above 
the one previously formed. During 
the night and following early morn- 
ing it continued to rise in a zigzag 
course, so that apogcotropium was 
still acting. At the close of our ob- 
servations, after 23 h. (represented 
by the highest dot in tho diagram) 
the hypocotyl was still 33° from 
the perpendicular. There can be 
little doubt that it would ulti- 
mately have become upright by 
describing an additional number 
of irregular ellipses, one above the 

^Ipv/tfiti-opism retarded fty Hetw- 

tropism. — When tho stem of any 
plant bends during the day towards 
a latoral light, the movement is 
opposed by upogcotropism ; but as 
tho light gradually wanes in the 
evoning the latter power slowly 
gains tho uppor hand, and draws 11 
the stem back into a vortical 
position. Here then we have a 
good opportunity for observing how 
apogeotropism acts when very 
nearly balanced by an opposing 
ftn-cfl. i'nr instance, the plumule 
nf Trttpeeelum majm (see former 
Fig. 175) moved towards tho dim 
evening light in a slightly zigzog 
lino until 6.45 p.m., it thcu returned 




straight upright lino ivogM 
J::ivl h:?.'!i ibuittl Iul1t;[!i-. I ; i'^urp 
here reduced to onu-tliird o( 
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10.40 P.m., during which tiiao it zigzagged and described on 
ellipse of considerable size. The hypocotyl of Sraaeica olcraan 
(we former Fig. 173) moved in a straight line to the light until 
5.15 p.h., and then from the light, making in its backward 
course a great rectangular bend, und tlien returned for a short 
distance- towards tlie former source of the light; no observa- 
tions were made after 7.10 p.m., but during the night it re- 
covered its vertical position. A hypocotyl of Caisia torn moved 
in the evening in a somewhat zigiiig line towards the failing 
light until 6 p.m., and was now bowed 20° from the perpendi- 
cular; it then returned on its course, making before 10,30 p.m. 
four great, nearly rectangular bends and almost completing an 
ellipse. Several other analogous cases were casually observed, 
and iu all of them tlie a po^eo tropic movement could be seen to 
consint'of modified ci run m mi tat ion. 

Apii<j::ii!r<'/><t: Morrments rjfreied by Ihe i-iil <■/ jt,intt or pulvim. 
— Movements of this kind are well known to occur in the 
Oramineie, and are effected by means of the thickened bases 
of their shi-jjliiuj: Ii>3V<:b; the stein within 1-einy in this part, 
thinner than elsewhere.* According to the analogy of all other 
pulvini, such joints ought to continue circumnutating for a 
long period, after the adjoining parts have ceased to grow. We 
therefore wished to ascertain whether this was the case with 
the Gramines); for if bo, the upward curvature of their stems, 
wheneitended horizontally or laid prostrate, would be explained 
in accordance with our view — namely, that upogootropism 
results from modified circum nutation. After there joints havo 
curved upwards, they are filed in their new position by increased 
growth along their lower sides. 

l.olium pn-euw,- — A young stein, 7 indies in height, consist- 
ing uf U ijilcrnoiles, with the fiower-licivf. lint yet protruded, 
was selected for observation. A long and very thin glass fila- 
ment was cemented horizontally to the stem close above the 
second joint, 3 inches above the ground. This joint was subse- 
quently proved to be in an active condition, as its tower side 
hwelled much through Hie. iie.tioo of iipiik'Hilropisiu (in the. 
manner described by De Vries) after the haulm had been 
fastened down for 21 h. in a horizontal position. The pot was 

eently dr&ribtd by De Vries in Gelrciilea,' iu "[juidw irtiiadiiifl. 
ail iuterLiting aiticlc, ' Uclmr liclie Ji.hH'iirli.T,' 1WM0, p. ITS, 
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bo placed that the end of the filament stood beneath the 2-inch 
object glass of a rnie.ros.cope with an eye- piece micrometer, each 
division of which equalled ^ of an inch. The end of the fila- 
ment was repeatedly observed during G h., and was seen to bo 
in constant movement; and it crossed 5 divisions of the micro 
merer (yjj inch) in '2 h. Occasionally it moved forwards Itj 
jerks, some of which were -nfej inch in length, and then slowly 
retreated a littio, aflonvniils anno: j, iU : ]'[)i".v;lhIk. TIk-'-j 
oscillations were exactly like those described under Brassica 
and Dionaia, but they occurred only occasionally. We may 
therefore conclude that ibis moderately old joint was continually 
circumnutating on a small sea In. 

Ahpecin us prut eii sis. — A young plant, 11 inches in height, with 
the flower-head protruded, but ivil.li the florets not yet expanded, 
had a glass filament fixed close above the second joint, at a 
height of only '2 inches above the gronnd. The basal intcrnode, 
2 inches in length, was cemented io a stick to prevent any 
possibility of its cii eiminu-.aliog. The cxhvnsity of t lie tilamc;il, 
which projected about 50° above the horizon, was often observed 
during 21. h. in tlie suns manner je; in liie Ins.: ca-e. Whcnr-voL- 

looked at, it was always in movement, and it crossed 30 divisions 
of the micromotor (Jl inch) in 31 h.; but it sometimes moved 

The pot had to be moved ...cea^onalh , as ti e end of the filament 



Mosemttits of the Flower-ptdanden if Oxalis ammo, due to 
apugeotTtipism and other forces. — The movements of the main 

maie. peduncle of this plant bears., are extremely complex, and 
are determined by several distinct causes. Whilst the nWrs 
are ejpauded, Ixilh kinds <'i' | in liuir.les iriicmauntate aboni Ihe 
snrrc spot, as we have, seen (Fig 91) in the fourth chapter. 
But soon after the flowers have begun to wither the sub- 
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pedunclos bend downwards, and this is duo fa epmnsty; for 
on two occasions when pots woro laid horizontally, the sub- 
pedanclea assumed the same position relatively to the main 
peduncle, as would have been the cane if they had remained 
upright; that is, each of them formed with it an angle of 
about 40°. If they had been acted on by geotropisni or apholio- 
tropism (f»r tilt p!:uii was illuminated from above), Uiey would 
havo directed themselves to the centre of the earth. A main 
peduncle was secured In a stick in an 11 fulfil t position, and ono 
of the npriL-iit siib-p-dim.-l.'s wliii-'ii had boon observed civonni- 
nutating whilst the flower was expanded, continued to do so for 
nt least 21 h, after it had withered. It then began to bend 
downwards, and afler 30 li. pointed a lit He beneath the hoi izoii. 
A new figure was now begun (A, Pig. 188), and the sub- peduncle 
was I meed descending in a zigzag line f nun 7. SI r.M. on the lillh 
to 3 a.m. on the 22nd. It now pointed almost perpendicularly 
downwards, and the glass filament had to be removed rind 
fastened transversely across the base of the young capsule. 
Wo expected that the tub-pod uncle would have been motionless 
in its new position ; but it continued slowly to swing, like a 
pendulum, from sido to side, that is, in a plane at right angles 
to that in which it, had deseeode:!. This cttvummitating move- 
ment was observed from 9 a.m. on Had to 9 a.m. 24th, as shown 
at. B in the diagram. Wo vera not able to observe this par- 
ticular sub-peduncle any longer; but it would certainly havo 
gone on circumnutating until the capsule was nearly ripe (which 
requires only a short time), and it would then have moved 
upwards. 

The upward movement (C, Fi;;. 188) is ode /ted in part by the 
whole sub-peduncle rising in the sumo manner as it had pre- 
viously doscended through opinasty — namely, at the joint where 
united to the main peduncle. As this upward movement 
occurred with plants kept in the dark and in whatever position 
the main peduncle was fastened, it could not have been ranged 
by heliatropism or apogee tropism, but by hvponasty. Besides 
this movement at the joint, there is another ot a very different 
kind, for the sub-peduncle becomes upwardly bent in the middle 
part. If the sub-peduncle happens ac the time to be inclined 
much downwards, the upward curvature is so great that the 
whole forms a hook. The upper end bearing the capsule, thub 
always places itself upright, and as this occurs in darkness, and 
in whatever position the main peduncle may have been secured, 
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Ilia upward curvature cannot be duo to uoliotropiBm or hypo- 
nasty, but to npogeotropism, 

j Fig. 188. 
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Id order to trace this upward movement, a filament was filed 
to a sub-peduncle bearing a capsule uearly ripe, which was 
beginning to bend upwards by the two menus just described. Its 
course was traced (h-.h C, Fie,. duriiifr 53 li., by which time 
it had become nearly upright. The course in seen to be Btrongly 
/ig2iig, together with mmin 1 iii'ii loops. We may therefore cun- 
ctude that the movement consists ot modified circumnutstion. 

The several species of Oxalis probably profit in the following 
manner by their sub-peduncles first bending downwards and 
then upwards. They are known to scatter their seeds by the 
bursting of the capsule; the walls of which are so extremely 
thin, like silver p;i\vi, that iiiey would easily be permeated by 
rain. But as soon as the petals wither, the sepals rise up and 
enclose the young capsule, forming a perfect roof over it as 
Boon as the tub- peduncle has bent itself downwards. By its 
subsequent upward movement, the capsule stands when ripo 
at a greater height above the ground by twice the length of the 
sub-ped uncle, than it did when dej>endeut, and is thus able 
to scatter its seeds to a greater distance. The sepals, which 
enclose the ovarium whilst it is young, present an additional 
adaptation by cspiin'liiiK widely when the seeds are ripe, so as 
not to interfere with their dispersal. In the ease of Ostalis 
aretosclla, the capsules aro said sometimes to bury themselves 
under loose leaves or moss on the ground, but this cannot occur 
with those of 0. earnota, as the woody stem is too high. 

Oatlis iKctotella.— The peduncles are furnished with a joint in 




Ojo/m norfomBa ; coone purmed by the upper part of a peduncle, wliil=* 
rising, traced from I! 1.11. Juno 1st tot am. 3rd. Figure here re- 
onced to one-half of the original icale. 

the middle, so that the lower part answers to the main peduncle. 
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peduncle with its capsule had become straight and stood 
upright. 

Concluding Remarks on Apot/eotropism. — When apo- 
geotropism is rendered by any means feeble, it acts, 
as shown in the several foregoing oases, by increasing 
the always present cirenmnu rating movement in a 
direction opposed to gravity, and by diminishing that 
in the direction of gravity, as well as that to either 
side. The upward jnoyejm.-nt tints becomes unequal 
in rate, and is sometimes interrupted by stationary 
periods. Whenever irregular ellipses or loops are still 
formed, their longer axes are almost always directed 
in the line of gravity, in an analogous manner as 
occurred with beliotropic movements in reference to 
the light. As apngeotropism acts more and more 
energetically, ellipses or loops cease to be formed, and 
the course becomes at first strongly, and then less and 
less zigzag, ami finally rectilinear. From thip grada- 
tion in the nature of the movement, and more especially 
feoirs all growing pa Ms, which alone (exerpt when pul- 
vini arc present) are acted on by apngeotropism, con- 
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tinually oircunnutating, we may conclude that even 
a rectilinear course is merely an extremely modified 
form of circum nutation. It is remarkable that a stem 
or other organ which is highly sensitive to apogeo- 
tropism, and which has bowed itself rapidly upwards 
in a straight line, is often carried beyond the vertical, 
as if by momentum. It then beuds a little backwards 
to a point round which it finally cireumnutates. Two 
instances of this were observed with the hypocotyls of 
Beta vulgaris, one of which is shown in Fig. 183, and 
two other instances with the hypocotyls of Brassiea. 
This momentum-like movement probably results from 
the accumulated effects of apogeotropism. For the 
sake of observing how long such after-effects lasted, 
a pot with seedlings of Beta was laid on its side in the 
dark, and the hypocotyls in 3 h. 15 m. became highly 
inclined. The pot, still in the dark, was then placed 
upright, and the movements of the two hypocotyls were 
traced ; one continued to bend in its former direction, 
now in opposition to apogeotropism, for about 37 m., 
perhaps for 48 m. ; but after CI m. it moved in an 
opposite direction. The other hypocotyl continued 
to move in its former course, after being placed 
upright, for at least 37 m. 

Different species and different parts of the same 
species are acted on by apogeotropism in very dif- 
ferent degrees. Young seedlings, most of which cir- 
eumnutate quickly and largely, bend upwards and 
become vertical in much iess time than do any older 
plants observed by us; but whether this is due to 
their greater sensitiveness to apogeotropism, or merely 
to their greater flexibility we do not know. A hypo- 
cotyl of Beta traversed an angle of 109" in 3 h. 8 m., 
and a cotyledon of Phalaris an. angle of 130° in 4 h. 
'M in. On the other hand, the stem of a herbaceous 
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Verbena rose 90° in abont 24 h. ; that of Kubus 67°, 
in 70 h. ; that of Cy tisus 70° in 72 h. ; that of a young 
American Oak only 37°, in 72 h. The stem of a 
young Oyperua otiemifoliua rose only 11° in 96 h. ; 
the bending being confined to near its base. Though 
the sheath-like cotyledons of Phalaris are so extremely 
sensitive to apogeotropisin, the first true leaves which 
protrude from them exhibited only a trace of this 
action. Two fronds of a fern, Nephrodium molle, both 
of them young and one with the tip still inwardly 
curled, were kept in a horizontal position for 46 h., 
and during this time they rose so little that it was 
doubtful whether there was any true apogeotropio 
movement. 

The most curious case known to us of a difference 
in sensitiveness to gravitation, and consequently of 
movement, in different parts of the same organ, is that 
offered by the petioles of the cotyledons of Ipomcca 
Uptnphjlia. The basal part for a short length where 
nnited to the undeveloped hypocotyl and radicle is 
strongly geotropic, whilst the whole upper part is 
strongly apogeotropie. But a portion near the blades 
of the cotyledons is after a time acted on by epinasty 
and curves downwards, for the sake of emerging in the 
form of an arch from the ground ; it subsequently 
straightens itself, and is then again acted on by apo- 
geotropism. 

A branch of Cucurhita, ovifera, placed horizontally, 
moved upwards during 7 h. in a straight line, until it 
stood at 40° above the horizon ; it then began to cir- 
cumnutato, as if owing to its trailing nature it had no 
tendency to rise any higher. Another upright branch 
wa3 secured to a stick, close to the base of a tendril, 
and the pot was then laid horizontally in the ('ark. 
Jii t His position the tendril cm.'immul^teil and made 
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several large ellipses during 14 h., as it likewise did 
on the following day ; but during this whole time it 
wits mil in tiie least allVeied by apiigeotrofiisni. On the 
other hand, wlnei branehe.5 at anather Ciicui'bitaeeoiis 
plant, Eekinocytis hbata, were fixed in the dark so that 
the tendrils depended beneath (he horizon, these began 
immediately to bend Upwards, and whilst thus moving 
they ceased to circumnutate in any plain manner ; 
but as soon hs they had become horizontal they re- 
commenced to revolve conspicuously." The tendrils 
of Passifiora gracilis on! likewise; a|togeotropie. Two 
branches were tied down so that their tendrils pointed 
many degrees beneath the horizon. One was observed 
for 8 h., during which time it rose, describing two 
circles, one above the other. The other tendril rose 
in a moderately straight line during the first 4 h., 
making however one small loop in its course ; it then 
stood at about 4y° above the horizon, whore it eireum- 
nutated during the remaining 8 1). of observation. 

A part or organ which whilst young is extremely 
sensitive to apegeotropisin eeascs to be so as it grows 
old ; and it is remarkable, as showing the independence 
of this sensitiveness and of the circumnutating move- 
ment, that the hitter sometimes continues for a time 
after iill power of bending from the centre of the earth 
has been lost. Thus a seedling Orange bearing oniy 
3 young leaves, with a rather stiff stem, did not curve 
in the least upwards during 24 h. whilst extended 
horizontally ; yet it circumnutated all the time over 
a small space. The hypocotyl of a young seedling 
of Cassia tora, similarly placed, became vertical in 
12 h. ; that of an older seedling, 1| inch in height, 



' For details see ' The Movements and Habits of Ciiml.ing Plant* 
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became so in 28 h. ; and that of another still older 
one, li inch in height, remained horizontal diring 
two days, but distinctly circum nutated during this 
whole time. 

When the cotyledons of Phalaria or Avena are laid 
horizontally, the uppermost part first bends upwards, 
arid then the lower part; consequently, after the lower 
part bus become much curved upwards, the upper part 
is compelled to curve backwards in an opposite direc- 
tion, in order to straighten itself and to stand ver- 
tically; and this subsequent straight ':uiiiLr process is 
likewise due to apogeotropism. The upper part of 
8 young cotyledons of l'halaris were made rigid by 
being cemented to thin glass rods, so that this part 
could not bend in the least ; nevertheless, the basal 
part was not prevented from curving upward. A stem 
or other organ which bends upwards through apogeo- 
tropism exerts considerable force; its own weight, 
which has of course to be lifted, was sufficient in 
almost every instance to cause the part ut iirst to bend 
a little downwards; but the downward course was 
often rendered oblique by the simultaneous circum- 
nutating movement. The cotyledons of Avena placed 
horizontally, besides lifting their own weight, were 
able to furrow the soft sand above them, so as to leave 
little crescentic open spaces on the lower sides of their 
bases; and this is a remarkable proof of the force 

i'\er(rd. 

As the tips of the cotyledons of Phalaris and Avena 
bend upwards through the action of apogeotropism 
before tho basal part, and as these same tips when 
.excited by a lateral light transmit some influence to 
*he lower part, causing it to bend, we thought that 
^ same rule might hold good with apogeotropism. 
•equently, lie ■ of 7 cotyledons of i'halaris were 
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cut off fcr a length in three cases of -2 inch and in 
the fonr other coses of -14, -12, -1, and -07 inch. But 
these cotyledons, after being extended horizontally, 
bowed themselves upwards as effectually as the un- 
mutilated specimens in the same pots, showing that 
sensitiveness to gravitation is not confined to their tips. 

Geotbopism. 

This movement is directly the reverse of apogeo- 
tropism. Many organs bend downwards through epi- 
nasty or apheliotropism or from their own weight ; but 
we have met. with very low cases of a downward move- 
ment in sub-aerial organs due to geotropism. We 
shall, however, give one good instance in the following 
section, in the case of Tri/oltvm sublerraneum, and 
prob&biy in that of Arachiz kypogasa. 

On the other hand, all roots which penetrate the 
ground (including the modified root-like petioles of 
Megarrhiza and Ijiomvith-jitophijUa) are guided in their 
downward course by geotropism ; and so are many 
aerial roots, whilst others, as those of the Ivy, appear 
to be indifferent to its action. In our first chapter the 
movements of the radicles of several seedlings were 
described. We may there see (Fig. 1) how a radicle 
of the cabbage, when pinning vt-riicnlh' upwards so 
as to be very little acted on by geotropism, circum- 
nutated ; and how another (Fig. 2) which was at first 
plated in an inclined position bowed itself downwards 
in a zigzag line, sometimes remaining stationary for a 
time. Two other radicles of the cabbage travelled 
downwards in almost rectilinear courses. &. radicle of 
the bean placed upright (Fig. 20) made a great sweep 
and zigzagged; but as it sank downwards and was 
more strongly acted on by geotropism, it moved in an 
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almost straight course. A radicle of Cucurbita, directed 
upwards (i*'g- -*>), also zigzagged at first, and de- 
scribed small loops; it thou moved in a straight line. 
Nearly tbe same result was observed with the radicles 
of Zea mays. But the best evidence of the intimate 
connection between circumnutation and geotropism 
was afforded by the radicles of Phaseolus, Vicia, and 
Quercus, and in a less degree by those of Zea and 
jEsculus (see Figs. 18, 19, 21, 41, and 52) ; for when 
these wtii'u compelled to grow and slide down highly 
inclined surfaces of smoked glass, they left distinctly 
serpentine tracks. 

The Burying of Sud-capiula : Trifoliuia sublcrrancum.— The 
flower-heads of this plant are remarkable from producing only 
3 or 4 perfect flowers, which are situated exteriorly. All the 



the perfect flowers wither they bend dow 
peduncle to stand upright, and thoy the 

flowers ultimately follow, one after tho < 
Whilst the perfect flowers arc thus bei 
peduncle curves downwards and incre. 



peduncles arising from upright and from 
it cannot lie due to apheliotropism or to 
be attributed to geotropism. Kim teen 



• -Hist Phya. dea PLintcs d' Europe,' torn. ii. 18 II, p. 106. 
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upright floweivheads, arising from brandies in all sorts of posi- 
tions, on plants growing in a warm greenhouse, were marked 
with thread, and after 24 h. six of them wore vertically depen- 
dent; theso therefore had travelled tfaioogh 180" in this time. 
Ten were extended sub- horizon tally, and these had moved 
through about !)0 a . Three very young peduncles hod as yet 
moved only a little downwards, but after an additional 21h. 
were greatly inclined. 

At the time when the flower-heads reach the ground, the 
younger imperfect i\or<-. in rise cittfro avo still pressed eloselj 
together, and form a conical projection ; whereas the perfect and 
imperfect flowers on the outside are upturned and closely sur- 
round Hie peduncle. They are thus adapted to offer as little 
resistance, as the case admits of, in penetrating the ground, 
though the diameter of the flower-head is still considerable. 
The means by which this penetration is effected will presently 
be descrilted. The flower-heads are able to bury themselves in 
common garden mould, and easily in sand or in fine sifted 
cinders jiacked rather clccely. The depth to which they pene- 
trated, measured from the surface to the baso of tho head, was 
between i and i inch, but in one case rather above 0t> inch. 
With a plant kept in the house, a bead partly buried itself in 
sand in 6h. : after B days only the tips of the relieved calyces 
were visible, and after U days the whole had disappeared. But 
with plants growing out of doors we believe, from casual obser- 
vations, that they bury themselves in a much shorter time. 

After tho heads have buried themselves, the central aborted 
flowers increaso considerably in length and rigidity, and 
become bleached. They gradually curve, one after the other, 
upwards or towards the peduncle, in the same manner as 
did the perfect flowers at first. In thus moving, the long claws 
on their summits carry with them somo earth. Henco a flower- 
head which has been buried for a sufficient time, forms a rather 
largo ball, consisting of ilic aborts! flnm?™, separated from one 
another by earth, ami surrounding tire Utile jiods (the product 
of the perfect flutters) wlm-h lie close round the upper part of 
the pedunele. The calyces of tho period and imperfect flowers 
aro clothed with simple and multicellular hairs, which have the 
power of absorption ; for when placed in a weak solution of 
carbonate of ammonia 12 gr. to 1 oz. of water) their proto- 
plasmic contents immediately lieeame aggregated and afterwards 
displayed the usual slow movements. This clover generally 
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(•rows in dry noil, 1ml wlicthcr tiic juiwer of absorption by tlm 
hairs on tin! buried flower-bunds is of any importance to them 
wo do not know. Only a few ot tl:e flijivut'-liiiads, which, from 
their position arc not o-Ke to ratdi the trround and bury tbent- 
Belves, yield seeds ; whereas; the buried ones never failed, as far 
as we observed, to produce as many seeds as there had been 
perfect flowers. 

We will now consider t.be movements of the peduncle whilst 




JHfoffHtmnitoiTsnmra : iownward movement of peduncle from 19°benMlh 
rhfi horizon to n ii.;,r!v .vilariliv . L u | . . ■ : I ■ I .-■ >i c position. tl'jtul fl'mi 
11 A.st. July -2Jini to ihn liHmsii'ijt of Sstli. Ghisa filament fiieti 
trrmsvi i-i'ly ;icri ]ti!l;i:,:1o. nl t.-.i- f,f flm\-i.''-li.'Sil. 

curving down to the ground. We have seen in Chap. IV., 
Pig. 32, p. 225, that an upright young flower-head circummi- 
tiittd cnusi'ii-tiosisjv; and Uml tin's movement, couti'micd niter 
the peduuele bad biy.un lo bond downwards. The aiuo 
pednnclo was observed when inclined at an angle of 19° abc 'o 
the horizon, and it circunmutatcd during two days. Another 
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which wits alrciulv curved Mii* beneath the horizon, was observed 
from 11 A.M. July 22nd to Hie 27th, by which latter date it 
had become vertically .k-p.-n.-lcnt. Irs course during the first 

12 h. is shown in Fig. 190, and its position on the three 
!iuiv(-,-.|i]i^ ntnruiiifrs until the 25th, 
Fig- when it was nearly vertical. During 

the first day the peduncle clearly 
cireum nutated, for it moved i times 
, down and 3 times up; and on each 
succeeding day, as it sank downwards, 
the same movement continued, but 
was only occasionally observed and 
w;iri less strongly marki-d. It should 
TW/od'umsuWf^anBim- dr- 08 BiilttI ' *-- llLt peduncles were 

cum nutating movement of observed under a double skylight in 
the hi»isc, and that they generally 
ilinif witK^ersHc'ie'd'tirs moTC( l downwards very much more 
uM-i *'al«i Will "t-isiMi; ; ^''wlv than those on jilimts growing 
tr«cri trom 8 a.w. Julj out, of doors or in the greenhouse. 
2'jtti t o 9 a.m. on 27ih. xlie movement of another vertically 
y«™It Tc^Ba "puiuMlei dependent peduncle with the nowcr- 
near aawar-head. ' head standing half an inch above the 

ground, was traced, and again when 
It first touched the ground; in both cases irregular ellipses 
were described every i or 5 h. A peduncle on a plant which 
had been brought into the house, 
moved from an upright into a ver- 
tically dependent position in a 
single day ; and here the course 
during the first 12 h. was nearly 
straight, hut with a few well-marki d 
ZHJo'iwi niUcrannun ,- move- zi K za RS which betrayed the essential 
]nent of h peduncle, with nature of the movement. Lastly ; 
flower-)n"d cuinjiieieiyburiKl the circumnutation of a peduncle 
8™" to 7 ^i-H.U'julyasth 1 was traced dn «»B 51 h. whilst in 
the act of burying itself ohliquely 
in a little heap of sand. After it had buried itself to such a 
depth that the tips of the sepals were alone visible, the above 
figure (Fig. 191) was traced during 'la h. When the flower- 
head had completely disappeared hecealh \\h\ .-and, another 
tracing was made during 11 h. 45 m. (Fig. 192) ; and hero again 
we see that the peducole was elrcimioututmg. 
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Any one who will observe a iliiWor-]it;i'l buryine; itself. iv;.i be 
convinced that the rocking movement, duo to the continued 
circnmnutation of ihe peiiuiieio, plays nn important part in the 
nut. Considering Unit tinj flower-heads arc very light, that (lie 
peduncles are long, thin, ami flexible, and that they arise from 
flexible branches, it is ineri dible that an o'.'j- ct as blunt as one 
of these flowor-hea.is euukl peueira-.e the gr ;iiml by means of 
the growing forec of the pod illicit, unlets is. were aided by the 
rocking movement. After a flower- 1 mad lias penetrated the 
CToiiei.] In ii small depth, another an. I eniriont agei.e.y eomes info 
play; the central rieia abtated Hum era, each terminating in five 
long claws, curve up towards the peduncle ; and ill doing so 
can baldly fail to drag tho head down to a greater depth, aided 
as this action is by the circum nutating movement, which con- 
tinue- after the flower-head liar; eo nip lei el y buried itself. The 
aborted flowers thus act soinethinti like the bauds of the mole, 
which force the earth backwards mid the body forwards. 

It is well known that tho socd-enpsnles of various widely 
distinct plants either bury themselves in the ground, or aro 
produced from imperfect flowers developed beneath ihe surface. 
Besides the present t-asn, two other well-marked instances will 
be immediately given. It is prokiblo that one chief good Urns 
gained is the protection of the seeds from animals which prey on 
tlicm. In the ease of /'. siibtcrrancuni, the seeds are not Only 
concealed by being buried, but are likewise protected by being 
closely surrounded by the rigid, alioried flowers. We may the 
more confidently infer that protection is hen; aimed at, because 
the seeds of several species in this same ^eui;s are protected in 
other ways;* namely, by the swelling and closure of tho calyx, 
or by the persistence and bending down of tho standard-petal, &c 
But the most curious imsiance is that of T. ylobosum, in which 
the upper flowers are sterile, as in T. eublcrraneum, but are here 
developed into l..i-|.;e brushes of hairs which envelop and protect 
the seed-bearing flowers. Nevertheless, in all those cases the 
capsules, with their seeds, may profit, as Mr. T. Thisclton Byer 
has remarked,! by their being kept somewhat dam y and the 
advantage of such damping perhaps throws light on the pre- 
sence of the absorbent hairs on the buried dower-heads of T. see- 
ferra?tt»m. According to Mr. Bcntham, as quoted by Jlr. Dyer, 



* Voucher, ' Hist. Phya. dea t Ben hin interesting article in 
Pluntea d'Europe,' turn. ii. p. 110. 'Nature,' April 1S7B, p. 1JU 
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tho prostrato habit of H'liaiitl.emvm pro'tmtum "brings tie 
capsules in contact with tho surface of the ground, postpones 
their maturity, and so favours tho seeds attaining a larger size." 
The capsules of Cyclamen and of Omlit acetvKlla are only occa- 
sionally buried, and this only beneath dead leaves or moss. If 
it be an advantage to a plant that its capsules should l>e kept 
damp and cool by being laid on the ground, we have in these 
latter cases the first step, from which tho power of penetrating 
the ground, with the aid of the always present movement of 
circuiiiuutalioi], might afterwards have been gained. 

Araclii* hyp-goa. — The flowers which bury themselves, rise 
from stiff branches a few inches above the ground, and stand 
upright. After they have fallen off, the gynophorc, that is tlio 
part which supports tho ovarium, grows to a groat length, even 
to 3 or 1 inches, and bends perpendicularly downwards. It 
resembles closely a peduncle, but has a smooth and pointed 
apex, which contains the ovules, and is at first not in the least 
enlarged. Tho apex nficr iriu'Litif: the ground penetrates it, in 
one case observed liy us to a depth of 1 inch, and in another 
to 0-7 inch. It there becomes developed into a large pod. 
PI o were which are sealed too high on the plant for the gyno- 
phoro to reach tho ground aro said * never to produce pods. 

The movement of a young gynophorc, rather under an inch 
in length ami vertically dependent, was Iraced during 4u li. by 
means of a glass filament (with sights) fixed transversely a 
littlo above the apes. It plainly oiroumnutated (Fig. 193) 
whilst increrisiiis in length ned growing downwards. It was 

then raised up, so a- " ' 



house entered from one side as well as from above. Another 
and oldor gynophorc, tho apex of which had nearly reached the 
ground. Mas observed during It days in the same manner as tho 
first-mentioned short one; mid ii was found to be always eireum- 

nutatitig. During the first 34 h. it described a figure which 



• ' Gord. Chrunicle,' 1857, p. 5G6. 




pulled up and extended horizontal!}' : it (illicitly began to curve 
downwards in a zigzag lino; but on the following day the tet- 
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miual bleached portion whs a little shrivelled. As the gyno- 
phores arc rigid and arise from stiff branches, and as the; 
terminate in sharp smooth points, it is prubable that they could 
penetrate tlio ground by the mere force of growth. Hut this 
action must bo aided by Iho eircumnututing movement, for tine 
Band, kept moist, was pressed close round the apes of a gyno- 
phore which had reai-lied 1 1 it: ground, iind after a fen- hours it 
was surrounded by a narrow open crock. After three weeks 
this gynophore was uncovered, and the apex was found at a 
depth of rather abovo half an inch developed into a small, white, 
oval pod. 

Ampliicarpau munoien. — Thi.s plant prud'iees long thin shoots, 
which twine round a support ami of eoursu drcumnutate. 
Early in the summer shorter shoots are produced from tho 
lower parts of the plant, which srroiv perpcndienlarly downwards 
and penetrate the ground. One of these, terminating in a 
minute bod, wax observed to bury ilself m sand to a depth of 
0 2 inch in 24 h. It was lifted up and fixed in an inclined 
position about '2j° biiicnth I he horizon, being feebly illuminated 
from abovo. In this position it described two vertical ellipses 
in 'Jl h. ; I mt on tin; ft ill. avid;.' day, wiieri lirrjuy l:t into the lumps, 
it circuinnutated only a very little round the same spot. Other 
branches were Men In nonet rate the ground, and wen; after- 
wards found running like routs beneath the surface for a length 
of nearly two inches, and they had grown thick. One of these, 
utter thus running, had emerged into llie air. How far eirenni- 
nutation aids these delicate branches in entering the ground wo 
do mi I km ni' ; >ut i he ivflt-Nt'il hair- with which they are clothed 
will assist in the work. This plant produces pods, in the air. 
and others beneath the ground ; which differ greatly in appear- 
ance Asa Liray says* tl.at it. is the imperfect flowers on tho 
creeping branches near tho base of the plant which produce the 
subterranean puds, these, flowers, therefore, must bury them- 
selves like those of Araehis. Hut it may be suspected that the 
branches which were seen by us lo penetrate the ground also) 
produce subterranean flowers and pods. 

DlAOEOTROriSM. 

Besides geotropism and apogeotropism, there is, 
according to Frank, an allied form of movement, 

* 'MBnualoftheBotnnyoftheVortlicriiUnit«dStates,'lS56,p.l(Kj. 
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namely, " trans vers e-geotropism," or diugeotropism, as 
we may call it for the sake of matching our other 
terms. Under the infhi- j m;« ul' gravitation certain 
parts are excited to place themselves more or less 
transversely to the line of its action.* We made no 
observations on this subject, and will here only re- 
mark that the position of the secondary radicles of 
various plants, which extend horizontally or are a 
little inclined downwards, would probably be con- 
sidered by Frank as due to transverse-geotropism. 
As it has been shown in Chap. I. that tho secondary 
radicles of Cucurbita made serpentine tracks on a 
smoked glass-plate, they clearly circumnutated, 
and there can hardly be a doubt that this holds 
good with other secondary radicles. It seems there- 
fore highly probable that they place themselves in 
their diageotropic position by means of modified 
circumnutation. 

Finally, we may conclude that the three kinds of 
movement which have now been described and which 
arc excited by gravitation, consist of modified circum- 
nutation. ])iiVi:r(mt parts or oigans on the same plant, 
and the same part in different species, are thus excited 
to act in & widely different manner. We can see no 
reason why the attraction of gravity should directly 
modify tho state of turgcsccncii and snbsequcnt growth 
of one part on the upper side and of another part on 
the lower side. Weute therefore led to infer that both 
geotropie, apogee tropic, and diageuti\.ja<; inuvemiaits, 
the purpose of which we can generally understand, 



* i-lfuiig 1ms lf'l.-ly iWi-IIh'iI rxolkm instance of un I. cum- 
''Arbcilen des Bot. [uetihits in montfl in Ibo ihiiomcs of cciialn 
Wiirzr.uii;.' -i. un [limits. 
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have been acquired for the advantage of the plant bj 
the modification of the over-present movement of 
eircumnutation. This, however, implies that gravi- 
tation produces some effect on the young tissues 
sufficient to serve as a guide to the plant. 
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CHAPTER XI. 

Localised Skhbitivemess to Gravitation, amd its Tbamsmittio 
Effects. 

General a insiilei-atUMiB—A u:i;i f=iB i, cffi rls ei am sisil riling the tipi of 

tin- liiJli-'cs — l;cu-l'lliT.lli:j!I lit tllU lip.i- Kti'i.TlH rifa si:., I I <■ X | ■! .MIVi : 

of the tips to ireotto|iie ; ; oiLr.a nnJ their suiii.'iiUL-r.t si-Li;iqjt;Ll inn ■ 
Kil'i eis of umini'.utiii" tin; tips oSjliquily— l^tti.ctd of cm tensing the 
tipa — Effucts of (-reuse 0:1 1 if tips— Pisum tstivura. tips ei railiel.-s 
fnutiTitid transversely, urul 0:1 tlit'ir upper am] lower shies — 
PhasaoluB, cuiiti-rimtiuii ami grease on the tips — Gosaypium — 
Cucurbitu, tips cauterised trail aversely, and on. tlieir upper and 
lower aides — Zea, tips cauterised — Cenclmiing remuika and 
aiiininary of chapter— Advantages of the sensibility lo geolropisir. 
being localised in the tips of tlto radicles. 

Ciesielski states * that when the roots of Pisum, 
Leas and Vicia were extended horizontally with their 
tips cut off, they were not acted on by geotropism ; 
but some days afterwards, when a new root-cap and 
vegetative point had been formed, they bent them- 
selves perpendicularly downwards. He further states 
that if the tips are cut off, after the roots have been 
left extended horizontally for some little time, but 
before they have begun to bend downwards, they may 
be placed in any position, and yet will bend as if still 
■ K.'tud on bv gv;>lroj>isin ; and this shows that some 
influence bad been already transmitted to the bending 
part from the tip before it was amputated. Sachs 
repeated these experiments ; he cut off a length of 
between '05 and 1 mm. (measured from the apex of the 



• ' All war tali riimmung der Wurzel,' Liang. Dissert. Breslou. 1871, 
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vegetative point) of the tips of the radicles of the 
bean {Vieta faha), and placed them horizontally or 
vertically in damp air, earth, and water, with the 
result that they became bowed in all sorts of direc- 
tions.' He therefore disbelieved in Ciesielski's «>n- 
clusions. Bat as we have seen with several plants 
that the tip of the radicle is sensitive to contact and 
to other irritants, and that it transmits some influence 
to the upper growing part causing it to bend, there 
seemed to as to be no a priori improbability in 
Ciesielski's statements. We therefore determined to 
repeat his experiments, and to try others on several 
species by different methods. 



ia/abt. — Radicles of this i 



plainly gcotropic in under 12 h. In the case of four radicles 
which had their Hps cat off for a length of 1"5 mm., new root- 
caps and new vegetative points were re-fonoed after an interval 
of 3 days 20 b, ; sod these when placed horizontal] j were acted 
on by geotropism. On some other occasions tliiE regeneration 
of the tips and reacquired sensitiveness occurred within a some- 
what shorter time. Therefore, radicles having their tips 
amputated should be observed in from 12 to 4b k after the 
3] k-ration. 

Foot radicles were extended horizontally with their lower 
surfaces touching the water, and with their tips cnt off for a 
length of only fro mm. : after 23 h. three of them were still 
horizontal; after 47k one of the three became fairly geotropic; 
and after TO b. the other two showed a trace of this action. The 
fourth radicle was vertically geotropic after 23k; but by an 

• 'Arbeiten dea Bot Institute in Wwaboif?.' Heft. iii. 1873, p. )3S. 
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accident the root-cap alone and not the vegetative point was 
found to have been amputated ; so that this case formed no real 
exception and might have been excluded. 

Five radicles wore extended horizontally like the last, and 
had their tips out off for a length of 1 mm. ; after 22-533 h., four 
of them were still horizontal, and one was slightly geotropic; 
after 48 h. tlie latter had become vertical; a second was also 
somen-hat geotropic; t.«o remained approximately horizontal; 
and the last or fifth bad grown in a disordered manner, for it 
was inclined -ip-.varda at nil alible of 6;° above the horizon. 

Fourteen radicles ■were extended horizontally at a little height 
over the water wii.h their iipK cut off for a length of l'S mm. ; 
after 12 h. all were horizontal, whilst five control or standard 
specimens in the same jar were sill K'nt greatly downwards. 
After 24h. several of the amputated radicles remained hori- 
zontal, hut some showed a trace of gcotropism, and one was 
plainly geotropic, for it was inclined lit ■!{)" beneath the horizon. 

Seven horizontally extended ri:iic!e- from which the tips had 
been nit off fur the unusual length of 2 mm. unfortunately were 



t Sachs found that 



with nnmutilated ones. Alto- 
) operated on in the manner 
y a few showed any geotropio 
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were perfectly straight, and these were placed horizontally on 
the peat, being covered by a thin layer of it. They were thus 
Ifltt for an average period of 1 h. 37 ra. The tip* were then cut 
off lr«nsversely for a length of 1*5 mm., and immediately after- 
word s they were embedded vertically in the peat. In ihis position 
geotropism would not tend to induce any curvature, but if some 
influence had already been transmitted from the tip to the part 
which bends most, we might expect that this part would become 
curved in the direction in which gcotropisrn had previously 
acted; for it should ha noted that those radicles being now 
destitute of their sensitive tips, would not bo prevented by 
geotropism from curving in any direction. The result was that 
of the sixteen vertically embedded radicles, four continued for 
several days to grow straight downwards, whilst twelve became 
more or less bowed laterally. In two of the twelve, a trace of 
curvature was perceptible iu 3 h. 30 m., counting from the time 
when they had first been laid horizontally ; and all twelve were 
plainly bowed in 6 h., and still more plainly in 9 h. In every 
one of them the curvature was directed towards the side which 
had been downwards whilst the radicles remained horizontal. 
The curvature extended for a length of from 5 to, in one in- 
stance, H mm., measured from the cut-off end. Of the twelve 
bowed radicles iivo becamo permanently bent into a right angle ; 
tlio other seven wore at first much less bent, and their curvaturo 
generally decreased after 24 h., but did not wholly disappear. 
This decrease of curvature would naturally follow, if an ex- 
posure of only 1 h. 37 m. to geotropism, served to modify the 
turgescence of the cells, but not tbeir subsequent growth to 
the full extent. The five radicles which were rectangularly 
bent became fixed in this position, and they continued to grow 
out horizontally in the peat for a length of about 1 inch during 
from i to 0 days. By this time new tips had been formed; and 
it should Im remarked that this regeneration occurred slower in 
the peat than in water, owing perhaps to the radicles being 
often looked at and thus disturbed. After the tips had been 
regenerated, geotropism was able to act on them, so that they 

Wo next tried whether a shorter exposure to geotropism 
would suffice to produce an after-effect. Seven radicles weie 
extended horizontally for an hour, instead of 1 h. 37 m. as in the 
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lormcr trial ; and after their tips (l'"> mm. in length) had been 
amputated, they were placed vertically in damp peat. Of these, 
three were not in tho least affected and continued for daya to 
grow straight downwards. Four showed after 8 h. SO m. a mere 
trace of curvature in tho directum in which they had been acted 
on by geotropism; and iu this respect ;hey dilleretl much from 
those which had hcon exposed for 
1 h. 37 m., for many of the latter r, e- ,8S - 

were plainly ct 



of c 



i of i 




hi fabj; i-.i, title, rect:in^ularly 
■eut ot A, nflei the umpurnliun 
f the tip, duo lo tho urov-loua 



t disappeared after 
24 h. In the second, tho cur- 
Tatnrc increased during two days 
and then decreased. Tlie third 
lMdiele became piTiiinrn-sitl y lient, 
so that its terminal part made an 
angle of about '15° with its original 
vertical direction. The fourth 
radicle became horizontal. These 
iwo iat.tcr radicles continued 
dui'iii!' two more days to ^mw 
in. the peat in tho same directions, 
that is, at an angle of 45" be- y 

tally. Bythefourthmorningnew 
iijis had 1'i'un reformed, unit now 
geotropism was able to act on 
them again, and they became 
bait perpendicularly downwards, 
exactly as in the caso of the 
live radicles described in the 
last paragraph and as is shown in 
tho figure (Fig. 195) here given. 

Lastly, Ave other radicles were similarly treated, but were ex- 
posed to geotropisni during only 15 m. After 8 h. 30 m. only 
one was doubtfully affected; after til h. two were just per- 
ceptibly curved towards the side which had been acted on by 
geotropism ; after 18 ii. tin- one first nicei ioued had a radius ol 
inrvatiire of 60 mm. That this curvature was due to the attion 
o; [ :e>-> < ro 1 1 i ^ ] duriii;: the iiori/ioital [losiu.-m of the radicle, was 
shown after i days, when a new tip had been reformed, for it 
then grew perpendicularly downwards. We learn from this 



d lip. 
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race that when the tips are amputated oiler an e 
tropism of only 45 m., though a alight influence is sometimes 
transmitted to the adjoining part of the radicle, jet this seldom 
suffices, and then only slowly, to induce oven moderately well- 
pronounced curvature. 

In the previously given experiments on 29 horizontally ex- 
tended radicles with tin ir tips amputated, only one grew irre- 
gularly in any marked manner, and this became bowed upwards 
at an angle of 63 J . Ir) Ciesiolsbi's experiments the radicles 
could not have grown very irregularly, for if they had done 
so, he could not have spoken confidently of the obliteration 
of all geotropic anion. It is therefore remarkable that Sachs, 
who experimented on many radicles with their tips amputated. 



exhibited no great irregularity of growth, whilst observed 
during 4 to 6 days. We next thought that if care were not 
taken in cutting off the tips transversely, one side of the stump 

sequently during the regeneration of the tip, and that this 
might cause the radicle to bend to one Bide. It has also been 
shown in Chapter III. that if a thin slice bo cut off one aide 
of the tip of the radicle, this causes tho radicle to bend from 
the sliced side. Accordingly, 30 radicles, with tips amputated 
for a length of 15 mm., were allowed to grow perpendicularly 
downwards into water. Twenty of thoni were amputated at an 
angle of 20* with a lino transverse to their longitudinal axes; 
and such slumps appeared only moderately oblique. The 
remaining ten radicles were amputated at an angle of about 
45°. Under these circumstances no less than 19 out of the 30 
became much distorted in the course of 2 or 3 days. Eleven 
other radicles were similarly treated, excepting that only 1 mm. 
(including in this and all other coses the root-cap) was ampu- 
tated ; and of these only one grew much and two others slighlly 
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distorted; so that this amount of oblique amputation was not 
sufikient. Out of Liu- above :J0 radicles, uuly one or two showed 
in the first 21 h. any dis'.oitiou, bui this became plain in the 
19 cases on ibe second da;, and still more conspicuous at the 
close of the third dny, by which time- new tips had been partially 
or completely regenerated. When therefore a new tip is re- 
formed on an oblique stump, it probably is developed sooner on 
one side than on the other: and this in some maimer excites 
the adjoining part to bend to onu side. Hence it seems probablo 
tli.it HsicIif unintcniiotmllv amputated the? radicles on which he 
expetimenied, no: str-mly in j; transverse diiee;ion. 

This explanation of ilmnec'i-hnml ijit-ivular growth of rodieles 
with amputated tips, is supported by the results of cauterising 
their tips; for often a greater length on one side than on the 
other was unavoidably injured or killed. It should be re- 
marked that in the following trials the tips were first dried 
with blotting-paper, and then slightly rubbed with a dry stick 
of nitrate of silver or lunar caustic. A few touches with the 
caustic suffice to kill the root-cap and some of the upper iayers 
of cells of the ve.seta.ive point.. Twenty-seven radicles, soma 
young and very short, others of moderate length, were suspended 
vertically over water, after being thus cauterised. Of these some 
entered tlie water immediately, and others on the second day. 



.he contrast in app;ar,t:ice bc.tu-i.cn ;he cauterized and 
1 specimens was wonderful:;.- greiit. The controls bad 

straight downwards, with the exception of the normal 
ure, which we have called Sachs' curvature. Of the 
l.oi'i-ed radicles, 1.3 had become exhemciy distorted; G of 
.'tew upwards and formed hoop;, so thai their tips some- 
came into contact with the bean above ; 5 grow out 
gulnrly to one side ; only a few of the remaining 19 were 
Btroi g ht, and some of these towards the close of our 
ulions became hooii&i nt their extreme lower ends, 
es, extended horizontally instead of vertically, with their 
luteriaed, also sometimes grow distorted, hut not so com- 
, aa far as wo could judge, as thoso suspended vertically; 
s occurred with only 5 out of 1U radicles thus treated, 
ead of cutting off the tips, as in the first set of eiperi- 

we nest tried the effects of touching horieontnlly es- 
I radicles i\ith caustic in the manner just do.--ci-ibcd. 13 u! 
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some preliminary remarks must first be made. It may be ob- 
jected that the caustic; would injure t lie radio lea and prevent them 
from bending; lint ampin evidence mis given in Chapter III. 
that touching the lips of vertically suspended radicles with 
caustic on one side, does not stop their bending; on the 
contrary, it causes them to bend from the tenoned Bide. We 
also tried touching both the upper and the lower sides of the 
tips of some radicles of the 1--'.i(l, extended horizontally in damp 
friable earth. Tiie tips of tlnw wore touched with caustic on 
thi'ir upper fides and this would aid their goo'.ropie bending; 
the tips of throe wore touched on their lower sides, which 
would tend to counteract tho landing downwards; and three 
worn loft, iif controls. After '24 h. an inrlejicudeul observer was 
asked to pick out of the nine radieli 1 -, 1.1 ie two which were most 
and the two which wero least bent; he selected as the latter 
two of those which had been touched on their lower sides, and 
as the most bent, two of those which had been tonehed on the 
Tipper Bide. Hen after analogous and mora striking experiments 
with 1'itum lativum and Uacurbila ovi/era will bo {riven. We 
may therefore safely conclude that the mere application of 
caustic to the lip does nut prevent I lie radicles from bending. 

In the following experiments, tne tips of young horizontally 
fx tended radicles were just touched with a stick of dry caustic ; 
and this was held transversely, so that the tip might lio cau- 
terised all round as symmetrically as possible. The radicles 
were then suspended in a closed vessel over water, kopt rather 
cool, viz., .">'>"-u!P I 1 . This w;m d >ne because we had found 
that the tips were more sensitivo to contact under a low than 
nnder a high temperature ; and we thought that tho same role 
rnifrht apply to pentropijm. In one exceptional trial, nine- 
radicles (which were rather too old, for they had grown to a 
length of from J) to cm.), were extended horizontally in damp 
friable earth, after their lips had been cauterised, and were 
kopt at too high a temperature, viz., of G8 1 F., or 20° C. Tho 
result in consequence was not so striking as in tho subsequent 
casus; for although when after 3 h. 40 m, six of them were 
examined, these did not exhibit any geotropic bending, yet after 
21b., when all nine were examined, only two remained hori- 
zontal, two exhibited a trace of geotropisni, and five wore 
Kliclitly or moderately inotropic, yet not comparable in degree 
with the control specimens. Marks had been made on seven of 
these cauterised radicles nt 10mm. from the tipB, which includes 
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tho whole growiiift portion ; nod tiftcr the '21 li. this part had 
a moan length of 37 mm., bo that it hod increased to more 
than 3! times it* original length; hut it should bo remembered 
that these beans had been exposed to a rather high tempoi atari;. 

Nineteen young radicles with cauterised tips were extended 
at different times horizontally over water. In ovary trial an 
ui]ii;ii nnmlior of cool ml .-pooioicnH were olisn-vetl. in t ho first 
trial, the Hps of tiueo v:uUd. : s were lightly touched with the 
caustic for 6 or 7 seconds, which was a longer application than 
usual. After 23 h. 30 in. (temp. 65 D -56°F.) these three radicles. 

Fig. IDS. 




A, B, C (Fig 19G),wert 
specimens hod becom 
i (D, E, F) i 
all six radicles at 10 
horizontally. After the. 
10 mm. in length, had increased 
a mean length of 17 3 mm., n 
radicles, as shown in the figu 
lino ; the dotted lino being 



to 15-7 mm. in the control 
by the unbroken transverse 
the aptJi. The con- 



trol or nncauioriKed radicles, therefore, had actually grown less 



r 

' Digitized by Cot) 



532 SENSITIVENESS TO GRAVITATION. Chap. XL 

than tbe cauterised; but this no doubt was accidental, for 
radicles of different ages grow at different rites, and the growth 
of different individuals is likewise affected by unknown cauas. 
The state of the tips of these three radicles, which had been 
cauterised For a rather longer time than usual, was as f'.llows : 
the blackened apex, or the part wliich had been actually touched 
by the caustic, was succeeded by a yellowish zone, due probably 
to tho absorption of some of the caustic; in A, both zones 
together were l'l mm. in length, and 14 mm. in diameter at tho 
base of the yellowish zone; in B, the length of both was only 
0 7 mm., and the diameter 0 7 mm.; in C, the length was 0 8 
mm., and tbe diameter 12 mm. 

Three other radicles, the tips of which had been touched with 
caustic daring 2 or 3 seconds, remained (temp. 58°-5i)° F ) 
horizontal for 23 h. ; the control radicles having, of course, 
become geotropic within this time. The tormina] growing part, 
10 mm. in length, of the cauterised radicles had increased in 
this interval to a mean length of 34- 5 mm., and of the controls 
to a mean of 2G mm. A section of one of the cauterised tips 
showed that the Marx, >!<■■! part » 0 5 mm. in length, of which 
0'2mQL extended int« the vegetative point; and a faint dis- 
coloration could be detected cveu to 1-Gmm. from the apex of 
tho root-cap. 

In another lot of biz radicles (temp. 55°-57 D F.) the three 
control specimens were plainly gen-tropic in 8) h. ; and after 24 h. 
tho mean length of their terminal part had increased from 
10 mm. to 21 mm. When tho caustic was applied to the three 
cauterised specimens, it was held quite motionless during 
5 seconds, and the result was that the black marks were ex- 
tremely minute. Therefore, caustic was again applied, after 
8i h., during which time no geotropic action had occurred. 
When tho specimens were re-examined after an additional 
interval of 15! h., one was horizontal and the other two showed, 
to our surprise, a traeo of geotropism which in one of them 
boou afterwards became strongly marked; but in this latter 
Bpecimen the discoloured tip was only £mm. in length. The 
growing part of these three i itilioie., increased in 24 h. from 
10 mm. to an average of 16-5 mm. 

It would besupt'Eiii;ou5 to describe in detail the behaviour 
of the 10 remaining cauterised radicles. The corresponding 
control specimens all became geotropic in 8 h. Of the cauterised, 
G were fust looked at after 8 h., and one alone showed a trace 
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of geotropism ; 4 mm first looked ai itFlor li h. 3 and one ill fine 
of these was slightly geotropic. After '23-24 h., 5 of the 10 were 
sti U horiitou til's, -1 sii^ht.'y, and 1 deeidediy, fieotropie. After 
48 h. some of them became strongly geotropic. The cauterised 
radicles increased greatly in length, but the measurements are 
not worth giving. 

As five uf the last-meuliimrd eaulens.i! raiiieles hail become in 
2i h. somewhat !;cotro]!tc, :bcso ,'loerther wi'a three which were 
still horizontal) had their positions reversed, so that their tips 
were now a little upturned, aurl they were again ranched with 
caustic. After 2 1 h, iiiey showc-.i no trurj ot'evotropism : wlierers 
the ejj:Vit eo- responding c. >r- ? ]■■.>[ specimens, which had like- 
wise litihri reversed, in wliieh position the iips of several poiub d 
to the zenith, all became geotropic ; some having passed in the 
24 h. through an angle of 180°, others through about 135°, and 
others through only 'JO". The eight radicles, which had been 
twice cauterised, wore observed for an additional day (i.e. for48h. 
after being revorsfjd), and they still showed no signs of geotro- 
pism. Nevertheless, they continued to grow rapidly; four were 
measured 24 h. after being reversed, and they had in this time 
incrcasod in length betwem 8 and 11 mm.; the othor four were 
measured 48 h. niter beim: reversed, and these had increased l>y 
20, 18, 23, and 28 mm. 

In coining to a conclusion with respect- to the effects of cauter- 
ising the tips of these radicles, we should hear in mind, 
firstly, that horizontally extended control radicles were always 
acted 011 l>y geotropism, and hoeiuna somewhat bowed down- 
wards in 8 or 9 h. ; secondly, that the chief seat of the curvature 
lies at a distance of from 8 to 6 mm. from the tip ; thirdly, that 
the tip was discoloured by the caustic rarely for more than 
1 mm. in length ; fourthly, that the greater number of the cau- 
terised radicles, although subjected to the full influence of 
geotropism during the whole time, remained horizontal for 24 li., 
and some for twice as long; and that Ihose which did become 
bowiid were so only in a slight degree; fifthly, that the cau- 
terised riidiele.s continued to grow aimosl, and sometimes quite, 
as well as the uninjured ones along the part which bonds most 
And lastly, that a touch on the tip with caustic, if on one side, 
far from prevent in:; enrva! 11 iv, aerially iudo:'f!! it. Hearing all 
these facts in mind, we must infer that under normal conditions 
the geotropic curvature of the root is due to an influence trans- 
mitted from the apes to the adjoining part where the bending 
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lakes place; and that when the tip of the root is cauterised it is 
unable to originate tbe stimulus necessary to produce gootropic 

As we had observed that grease was highly injurious to some 
plants, we determined to try its effects on cuticles. When the 
cotyledons of I'lialaris and Arena were covered with greace 
along one side, the growth of this side was quite stopped or 
greatly checked, and in \ 'ut: oppo^ito siile c:iiit.i:itied io grow, the 
cotyledons thus treated became bowed towards the greased side. 
This same matter quickly killed the delicate hypocotyls and 
young leaves of coi lnio plants. The grease which we employed 
was made by mixing lamp-black and olive oil to such a con- 
si.-tenn- that it cuiiM he laid tus hi 11 thick l-iyer. The. lips el 
five radicles of the bean were coaled with it for a length of 
3 mm., and to our surprise this p:irt increased in length in 23 h. 
to T'lmin.; the thick layer of priMse heing curiously drawn 
out. It thus could not have checked much, if at all, the growth 
nf the terminal part, of the radicle. With respect to geotropism, 
the tips of seii'ii hori/.onlally e\!endtd radicles were coated for 
a length of 2 mm., and after 24 h. no clear difference could be 
perceived between their downward curvature and that of an 
equal number of control specimens. The tips of 33other radicles 
were coated on different occasions for a length of 3 mm.; and 
they were compared with the controls after 8 h., 24 h., and 48 h. 
On one occasion, after 24 h., there was very little difference in 
curvature between the greased and control specimens; but 
generally the difference was unmistakable, those with greased 
tips being considerably less curved downwards. The whole 
growing part (the greased tips included) of six of these radicles 
was measured and was found to have increased in23h.from 
10 mm. to a mean length of 17*7 mm, ; whilst the corresponding 
part of the controls had increased to 20'8mm. It appears there- 
fore, that Eilthougli iiic tip itself, when greased, continues to 
grow, yet the growth of the whole radicle is somewhat checked, 
and that the geotropio curvature of the upper part, which was 
free from grease, was in most cases considerably lessened. 

Plana sativum. — Five radicles, extended horizontally over 
water, had their tips lightly touched two or three times with dry 
caustic. These tips were measured in two cases, and found to 
be blackened for a length of only half a millimeter. Five other 
radicles were left as controls. The part which is most bowed 
through geotropism lies at a distance of several millimeters from 
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the apex. After 24 h., and again after 32 h. from the commence- 
ment, four of the oiinli-riwiJ rjuiielcs were still lmriitniital, bat 
one was plainly geotropic, Ising inclined at 45° beneath the 
horizon. The five controls were somewhat geotropic after 7 h. 
20m., and after 21 h. were nil .-.tron^'v freotropic ; being inclined 
at the following angles beneath the horizon, viz., 59°, 60°, 65°, 
57°, and 43°. The length of the radicles was not measured in 
either act, but it was manifest that the cauterised radicles bad 
grown greatly. 

The following case proves Ihul tin: aelion of the caustic by 
itself does not prevent liio curvature of the radicle. Ten radicles 
were extended horizontally on and beneath a lajcr of damp 
friable peat-earth; and before being extended their lips were 
touched with dry caustic on the upper side. Ten other radicles 
similarly placed were touched on the lower side; and this would 
tend to make them bend from the cauterised side; and therefore, 

as now plaecd, upwards, or in -apposition to gco( [upisni. LiiHtly, 
ten unoauterised radicles were extended horizontally as controls. 
After 24 h. all the latter were geotropic ; and the ten with their 
tips cauterised on the upper side wore equally geotropic; and 
we believe that they became curved downwards before the con- 
trols. The ton which had been cauterised on the lower side 
presented a widely different appearance: No. 1, however, was 
perpendicularly geotropic, but t ais was im yo;U exception, for on 
csaiuiuation under tin: in iiTuscnpi!, tlx-ro miss no vestige of 
a coloured mark on the tip, and it was evident that by a mistake 
it had not been touched with the caustic. No. 2 was plainly 
geotropic, beinginclined at about 45° beneath the horizon ; No. 3 
was slightly, and No. 4 only just perceptibly geotropic ; Nos. 5 
and fi were strictly iioriwiiital , and the four remaining ones were 
bowed upwards, in opposition to geotropism. In these four 
cases the radius of the upward curvatures (according to Sachs' 
cyclometer) was 5 mm., 20 mm., 30 mm., and 70 mm. This cur- 
vature was distinct long; before the 2J h. had elapsed, namely, 
aftor 8 h. 45 m. from the time when the lower sides of the tips 
wore touched with the caustic. 

Fhaseolu* muitijlorus.— Eight radicles, serving as controls, were 
extended horizontally, some in damp friable jieat and some in 
damp air. Thoy ail became (temp. 20 D -21 0 C.J plainly geo- 
tropic in8h. 30 m., for they then stood at an average angle of 63 c 
beneath the horizon. A rather greater length of the radicle ir 
bowed downwards by geotropism than in the case of Vtcutfuba 
35 
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that is to say, rati) er more than 6mm. as measured from the apes 
of tlio root-cap. Nine other radicles were similarly extended, 
threa in dump peat and six in damp air, and dry caustic tta? 
beld trans>ersely to their tips during 4 or 5 seconds. Three of 
their tips were after wards trimmed : in (1) a length of 0*68 mm, 
was discoloured, of which the basal 0136 mm. was yellow, the 
apical I'irt hnitij: li!:nk; in -J) trie discoloration «as IJ-oo mm_ 
in (cniitli.iir which thulniML! il-illniii. was jcllow; in (3)tlit:dis- 
i/'ilin-alioii w;is ()■ t! nun. in length, of w hich the 1-asal 01;' mm. 
was yellow. Therefore less than 1 mm. was afllcted bythecnustie, 
but this sufficed almost wholly to present Reotropic action ; for 
after 24 h. one alone of the nine cauterised radicles became 
slightly geotropic, being now iuchoed ai 10 c licncuth the horizon; 
(he eight others remained horizontal, though one was curved a 
little laterally. 

The terminal part (10 mm, in length) of the sis cauterised 
radicles in the damp air, had more than doubled in length in 
the 2i h., for this part was now on on average 20'7 mm. long. 
The increase in length within the same time was greater in 
the control specimens, for the terminal part bad grown on an 
average from 10 mm. to 2G6 mm. But as the 
radicles had more than doubled their 
manifest that they had not been t 
caustic, We may here add that wlu.-n experimenting on [lie 
cllecfs •>■ (.Jiiciiiii^ (me side of lliu tip with caustic, too much 
was applied at first, and the whole tip (but we l>elieve not more 
than 1 ram. in length) of six horizontally extended radicles was 
killed, and these continued for two or three days to grow out 
horizontally. 

Many trials were made, by coating the tips of horizontally 
(-Mended radicles with (In; before desiTiix'd tliicli greaMi. The 
i.'c.otiopie curvature of 12 radicies, which were thus coated for 
a length of 2 mm., was delayed dorinc; the first 3 or 9 It., but 
after 24 h. was nearly us great as that of the control speci- 
• mens. The tips of nine radicles were coated for a length of 3 mm., 
and after 7 h. 10 m. these stood at an average angle of 30" 
lie:ien'.!i the luinz.m, whi st the controls stood at an avi'iusifi of 
54°. After 21 h. the two hits differed but little in their degree 
of curvature. In some other trials, however, there was a fairly 
well-marked difference after l!i h. between those with creased 
tips and the controls. Tins terminal part of eight control speci- 
mens increased in 24 b. from 10 mm. to a mean length of 
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24 - 3 mm., whilst the mean increase of those With greased tips 
was 20'7 mm. The grease, therefore, slightly checked the 
growth of the terminal put, but this part whs not much 
injured; for several radicles whieh had been greased for a 
length of 2 mm. continued to grow during seven days, and were 
(hen only a little shorter than the ciinttols. The appeaiance 
presented by these radicles after the seven days was very 
curious, for the black ^r.ase had been drawn out inlo the finest 
longitudinal strife, with dots and rctieniation^ which covered 
their surfaces lor a tciuith of from 2d to 11 mm., or of 1 to 
1'7 inch. We may therefore conclude that grease on the tips 
of the radicles of thin L'ha^ealus somewhat delays and lessons 
the gootropic curvature of the part which ought to bend 
most. 

<Ji);j.yplis:ii forhwtw.— The ra liolo^ of this pSaiit bend, 
through the action of geotropigm, for a length of about 6 mm. 
Five radicles, placed horizontally in damp air, had their tips 
touched with caustic, and the discoloration extended for a 
length of from J to 1 mm. They showed, after 7 h. 45 m. and 
again aftor 23 h., not a trace of geotiopism; yet the terminal 
portion, 9 mm. in length, hod increased on an average to 

Lv'.l mm. Si* control radicles, after 7 h, -15 in., were all plainly 
p:ntro!Hi>, two "f them lining vertically dependent, and after 
23 h. all were vortical, or nearly so. 

Cucwbita ooifera. — A hii-jin number of (rials proved almost 
useless, from the three following causes: Firstly, the tips of 
radicles which have grown somewhat old are only feebly goo- 
tropic if kept in damp air; nor did wo succeed well in our 
experiments, until the germinating seeds were placed in pent 
and kept at a ratlin- hi^Ii temperature. Secondly, the hypocotyls 
of the seeds which were pinned to the lids of the jars gradually 
became arched; and, as the e< it vh -,1,1ns were, tiiied, the movement 
of the hypoeotyl affected the position of the radicle, and caused 
confusion. Thirdly, the point of the radicle is so fine that it is 
diflicult not to cauteriso it cither too much or too little. But 
We managed generally t.u everi.'ome this l;;t ter ditlienlty, as the 
following experiments show, which are given to prove that a 
touch with caustic on one Bide of Hie tip does not prevent the 
upper pmi tji (he redieh from hndiin:, 'i'eii rudielc; were laid 
horizontally beneath and on damp friablo peat, and their tips 
were touched with caustic on the upper side. After 5 h. all 
were plainly geo tropic, three of them rectangularly; after 19 ll. 
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exceeding i m:u., teLrether with eight control specimens, were 

extended horizontally in damp air. After an interval of only 

■I li. Id all Hie controls lvtrc slightly ge u tropic, whilst not 
one of the cauterised specimens exhibited a trace of this action. 
After 8 h. 3D m., there was tne same difference between the 
two sets, but rather more strongly marked. By this time both 
sets hod increased greatly in longth. Tho controls, however, 
never became much more curved downwards; and after 24 h. 
there was no griM dirt", renee l« 'wni! the two sets in their 
degree of curvature. 

Eight young radicles of nearly equal length (average "36 inch) 
were placed beneath and on peat-earth, and were exposed to a 
temp, of 75°-76° F. Their tips had been touched transversely 
with caustic, and livo of them were blackened for a length of 
about 0*5 mm., whilst the other thn e were only just visibly dis- 
coloured. In the same box there were 15 control radicles, mostly 
about 30 inch in length, but Home rather longer and older, and 
therefore less sensitive. After 5 h., the IS conlrol radicles were 
all more or leas geotropic : after 9 h., eight of thorn were bent 
down lieneath the horizon at. variniiK unties be'w, e.n-i.V" and W ', 
the remaining seven being only slightly geotropio: after 2o h. all 
were rectangularly geotropic. The state of the eight cauterised 
radicles after the same intervals of time was as follows: after 

5 h. one alone was slightly geotropic, and this was one with 
the tip only a very little discoloured r after 9 h. the one just 
mentioned was rectangularly geotropic, and two others were 
slightly so, and these were the three w hieh hud been scantily 
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uffected by the caustic; the other five Here still strictly hori- 
zontal. After 24 h.40in. the three with only slightly discoloured 



tropism after an interval of 9 h., and were tlicn thrown away. 
In a second trial tho tips of three radicles were touched for a 
shorter time, iiinl were hliiel.-ened tor ji lerinrtli of from O'o to 
075 mm. : they all remained horizontal for 4 h., but after 8 h. 
iiO in. one of them, in which t.h..- blaeLjiieJ lip was only 0'5 mm. 
in k'.'igUi, was iiicliuid ai 21'' beneath the horizon. Sis con- 
trol radicle;; all bccaiuc slightly inotropic in 1 h., ami .-.tropigk' 
so after 3 h. 80 m., with the chief seat of curvature generally 
ImtwRiin (i or 7 uiii!. from the apex. In the cauterised specimens, 
the tenuinal growing part, 10 mm. in length, increased during 
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the B h. 30 m. to a mean length of 13 mm. ; and in the controlf 
to 14 8 mm. 

Jj] a third trial the tips of five radicles (espmsed to a temp, 
of 70°-71°) were touched with the caustic only once and very 
slightly ; they were afterwards examined under the microscope, 
aad the part which was io any way discoloured was on an 
average 76 mm. in length. After! b. 10 m. none were bent; 
after 5 h. 45 in., and again after 23 h. 30 m., they Etill remained 
horizontal, excepting one « liich ivas now inclined 20° beneath 
tho horizon. The terminal part, 10 mm. in length, hud in- 
creased greatly in length during the 23 h. 30 m., viz., to an 
average of 26 mm. Four control radicles became slightly gee- 
tropic after the 4 h. 10 m., and plainly so after the 5 h. 45 m. 
Their mean length after the 23 h. 30 m. had increased from 
10 mm. to 31 mm. 'I'liiTd'orr.- ;i t]jj:lit cauterisation of the tip 
cheeks slightly the growth of the whole radicle, find manifestly 
utops the bending of that part which ought to liend moat under 
the influence of geotropism and which Etill continues to 
increase greatly in length. 

Concluding Remarks. — Abundant evidence has now 
been given, showing that witn various plants the tip 
nf the radicle is alone sensitive to geotropism; and 
that when thus excited, it causes the adjoining parts 
to bend. The exact length of the sensitive part seems 
to he somewhat variable, depending in part on the age 
of the radicle ; but the destruction of a length of from 
less than 1 to 1"5 mm. (about -j^th of an inch), in tht, 
several species observed, generally sufficed to prevent 
any part of the radicle from bending within 24 h., or 
even for a longer period. The fact of the tip alone 
being sensitive is so remarkable a fact, that we will 
here give a brief summary of the foregoing experiments. 
The tips were cut oft' 2i) horizontally extended radicles 
of Vicia faha, and with a few exceptions they did not 
become geotropic in 22 or 23 h., whilst uamutilated 
radicles were uhvays bowed downwards in 8 or 9 h. It 
should be borne in mind that the mere act of cutting 
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off the tip of a horizontally extended radicle does not 
prevent the adjoining parts from bending, If the lip 
has been previously exposed for an. hour or two to the 
influence of geotropism. The tip after amputation is 
sometimes completely regenerated in three days ; and 
it is possible that it may be able to transmit an 
iiii pulse In (he udji lining juris bel'ure its eumpleie 
regeneration. The tips of six radicles of Cueurhita, 
ovifera were amputated like those of Vicia faba; and 
these radicles showed no signs of geotropism in 24 h. ; 
whereas the control specimens were slightly affected 
in 5 h., and strongly in 9 h. 

With plants belonging to sis genera, the tips of the 
radicles were touched transversely with dry caustic; 
and the injury thus caused rarely extended for a greater 
length than 1 mm., and sometimes to a less distance, as 
judge;l by even tin; faintest I'Uscoloration. We I In night 
that this would be a better method of destroying the 
vegetative point than cutting it off ; for we knew, from 
many previous experiments and from some given in 
the present chapter, that a toucli with caustic on one 
side of the apex, far from preventing the adjoining 
part from bending, caused it to bend. In all the 
following cases, radicles with imc; inter isod tips were 
observed at the same time and under similar circum- 
stances, and they became, in almost every instance, 
plainly bowed downwards in one-half or one-third of 
the time during which the cauterised specimens were 
observed. With Vicia faba 111 radicles were cau- 
terised ; 12 remained horizontal during 23-24 li. ; 
6 became slightly and 1 strongly geotropic. Eight of 
these radicles were afterwards reversed, mid again 
touched with caustic, and none of them became geo- 
tropic in 24 h., whilst the reversed control specimens 
became strongly bowed downwards within this time. 
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With Paum sativum, five radicles had their tips touched 
with caustic, and after 32 h. four were atill horizontal. 
The control specimens were slightly geotropic in 
7 h. 20 m., and strongly so in 24 h. The tips of 9 other 
radicles of this plant were touched only on the lower 
side, and 6 of them remained horizontal for 24 h., or 
were upturned in opposition to gcotiopism ; 2 were 
slightly, and 1 plainly geotropic. With Phaseolua 
mvltifiorus, 15 radicles were cauterised, and 8 re- 
mained horizontal for 24 h. ; whereas all the controls 
were plainly geotropic in 8 h. 30 m. Of 5 cauterised 
radicles of Gotayptum herbciceum, 4 remained horizontal 
for 23 h. and 1 became slightly geotropic; 6 control 
radicles were distinctly geotropic in 7 h. 45 m. Five 
radicles of Oucurbita ovifcra remained horizontal in 
neat-earth during 25 h., and 9 remained so in damp 
air during 8^ h. ; whilst the controls became slightly 
geotropic in 4 h. 10 m. The tips of 10 radicals of this 
plant were touched on their lower sides, and 6 of 
them remained horizontal or were upturned after 19 h., 
1 being slightly anil 3 strongly geotropic. 

Lastly, the tip* of several radicles of Vida.faba and 
Phaseolus mullijlorus were thickly coated with grease 
for a length of 3 mm. This matter, which is highly 
injurious to most plants, did not kill or stop the growth 
of the tips, and only slightly lessened the rate of 
growth of the whole radicle ; but it generally delayed 
a little the geotropic banding of the upper part 

The several foregoing cases would tell us nothing, 
if the tip itself was the part which became most 
bent ; but we know that it is a part distant from the 
tip by some millimeters which grows quickest, and 
uhich, under the influence of geolropisui, bauds must. 
We have no reason (o suppose that this pari is injured 
by the death or injury of the tip ; and it is certain 
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that after the tip has been destroyed this part goes on 
growing at such a rate, that its length was often doubled 
in a day. We have also seen that the destruction of the 
tip does not prevent the adjoining part from bending, 
it this part has already received some influence from 
the tip. As with hurizimfally extended radicles, of 
which the tip has been cut off or destroyed, the part 
which ought to bend most remains motionless for 
many hours or days, although exposed at right angles 
to the full influence of geotropism, we must conclude 
that the tip alone is sensitive to this power, and trans- 
mits some influence or stimulus to the adjoining parts, 
causing them to bend. We have direct evidence of 
such transmission ; for when a radicle was left extended 
horizontally for an hour or an hour and a half, by 
which time tho supposed influence will have travelled 
a little distance from the tip, and the tip was then 
cut off, the radicle afterwards became bent, although 
placed perpendicularly. The terminal portions of 
several radicles thus treated continued for some time 
to grow in the direction of their newly-acquired curva- 
ture ; for as they were destitute of tips, they were no 
longer acted on by geotropism. But after three or 
four days when new vegetative points "ere formed, the 
radicles were again acted on by geotropism, and now 
they curved themselves perpendicularly downwards. 
To see anything of the above kind in the animal 
kingdom, we sliould have to suppose that sin animal 
whilst lying down determined to rise up in some par- 
ticular direction ; and that after its head had been cut 
off, an impulse continued to travel very slowly along 
the nerves to tho proper muscles ; so that after several 
lumrs the headless animal rose up in the predeter- 
mined direction. 

Ah tho tip of the radicle has teen found to be tho 
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part which is sensitive to geotropism in the members of 
such distinct families as the Leguminosee, Malvaceae 
Cucurbit aceas and (iraminere, wc may infer that this 
character is common to the roots of most seedling 
plants. Whilst a root is penetrating the ground, the 
tip must travel first ; and we can see the advantage of 
its being sensitive to geotropism, as it lias to deter- 
mine the course of the whole root. Whenever the tip 
is deflected by any subterranean obstacle, it will also 
be an advantage that a eons; id amble length of the root 
should be able to bend, more especially as the tip 
itself grows slowly and bends but little, so that the 
proper downward course may be soon recovered. But 
it appears at first sight, immaterial whether this were 
effected by the whole growing part being sensitive to 
geotropism, or by an influence transmitted exclusively 
from the tip. We should, however, remember that it 
is the tip which is sensitive to the contact of hard 
objects, causing the radicle to bend away from them, 
thus guiding it along the lines of least resistance in 
the soil. It is again the tip which is alone sensitive, 
at least in some cases, to moisture, causing the 
radicle to bend towards its source. These two kinds 
of sensitiveness conquer for a time the sensitiveness 
to geotropism, which, however, ultimately prevails. 
Therefore, the tjirce kinds of' sensil ivr-rifss must of ton 
come into antagonism ; first one prevailing, and then 
another ; and it would be an advantage, perhaps a 
necessity, for the interweighing and reconciling of 
these three kinds of sensitiveness, that they should 
be all localised in the same group of cells which have 
to transmit the command to the adjoining parts of 
the radicle, causing it to bend to or from the source of 
irritation. 

Finally, tho fact of the tip alone being sensitive to 
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the attraction of gravity has an important bearing on 
the theory of gootropism. Authors scum generally to 
look at the bending of 11 radicle towards I lie et-nire t <f 
the earth, as the direct result of gravitation, which is 
believed to modify the growth of the upper or lower 
surfaces, in such a manner as to induce curvature in 
the proper direction. But we now know that it is the 
tip alone which is acted on, and that this part trans- 
mits some influence to the adjoining parts, causing 
them to curve downwards. Gravity does not appear 
to act in a more direct manner on a radicle, than it 
does on any lowly organised animal, which movei 
away when it feels some weight or pressure. 
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CHAPTER XIL 

BcMMAUY IBB CONCLUDIWG BehirU. 

Noluro of the oirciiimnj inline mm .-cent — History of a germinating 

highly eenai live— Emergence of the hypocolyl or of the epleutyl 
from the gruiiud under the farm of an arch— Its clrcumnutatioti 
and that of the e>Mi .leu*— The sc .llinu- t»«i up » leaf-benring 
ati m— The circnimiut&tiun of nil iho porta or or^ina— Modified 
cireumnlilation— Epinaaly mid hyp-inri^iy- -M.v.-.mciits of i-limbing 
|,l!inis Syi.-titriijiin movement* — Movements excited by light and 
gravitation— Localised sensitiveness — rieseniWancu between Iho 
movements of plants and aninmli— The tip of the radicle acta like 
a brain. 

It may be useful to the reader if we briefly sum up 
the chief conclusions, which, as far as we can judge, 
have been fairly well established by the observations 
given in this volume. All the parts or organs in 
every plant whilst they continue to grow, and some 
parts which arc provided with pulvini after they have 
ceased to grow, are continually ci re um nutating. This 
movement commences even before the young seedling 
h:is broken through the ground. The nature of the 
movement and its causes, as far as ascertained, have 
been briefly described in the Introduction. Why 
every part of a plant whilst it is growing, and in some 
cases after growth has ceased, should have its cells 
rendered more turgescent and its cell-walls more 
extensile first on one side and then on another, thus 
inducing eircummitation, is not known. It would 
appear as if the changes in the cells required periods 
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In some cases, as with the hypoeotyls of Brassica, 
the leaves of Diontea and the joints of the Gramine.-e, 
the eiiiuimun fating movement when viewed under the 
microscope ia seen to consist of innumerable small 
oscillations. The part under observation suddenly 
jerks forwards for a length of -002 to '001 of an inch, 
and then slowly retreats for a part of this distance ; 
after a tew Neeonds it sijjr;iin ji'tks l/wards, but with 
many intermissions. The r>';f routing movement appa- 
rently is due to the elasticity of the resisting tissues. 
How far this oscillatory movement is general wo do 
not know, as not many cireunmutating plants were 
observed by us under the microscope ; but no such 
movement could be detected in the case of Drosera 
with a 2-inch object-glass which we used. The pheno- 
menon is a remarkable, one. The whole hypocotyl 
of a cabbage or the whole leaf of a Dionam could not 
jerk forwards unless a very large number of cells on 
one side were simultaneously affected. Ave we to sup- 
pose that these cells steadily become more ami more 
turgesoem on one side, until the part suddenly yields 
and bonds, inducing what may be called a micro- 
scopically minute earthquake in the plant ; or do the 
cells on one side suddenly become turgescent iu an 
intermittent manner ; each forward movement thus 
caused being opposed by the elasticity of the tissues ? 

Circumnutation is of paramount importance in the 
life of every plant ; for it is through its modification 
that many highly beneliciiil or necessary movements 
have been acquired. When light strikes one side 
of a plant, or light changes into darkness, or when 
gravitation acts on a displaced part, the plant is 
enabled in some unknown manner to increase the 
always varying turgescence of the cells on one side ; 
so that the ordinary circum nutating movement is 
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modified, and the part bends either to or from the 
exciting cause ; or it may occupy a new position, as 
in the so-called sleep of leaves. The influence which 
modifies circumnutation may be transmitted from one 
part to another. Innate or constitutional changes, 
independently of any externa] agency, often, modify 
the eireumnuluting movements at particular periods 
of the life of the plant. As circumnutation is uni- 
versally present, we can understand how it is that 
movements of the same kind have been developed in 
the most distinct members of the vegetable series. 
But it must not be supposed that all the movements 
of plants arise from modified ci re urn nutation ; for, as 
we shall presently see, there is reason to believe that 
this is not the case. 

Having made these few preliminary remarks, wo 
will in imagination take a germinating seed, and con- 
sider the part which the various movements play in 
the life-history of the plant. The first change is the 
protrusion of the radicle, which begins at once to 
circumnutale. This movement is immediately modi- 
fied by the attraction of gravity and rendered geo- 
tropic The radicle, therefore, supposing the seed to 
be lying on the surtiicr, quickly bends downwards, fol- 
lowing a more or less spiral course, as was seen on the 
smoked glass- plates. Sensitiveness to gravitation re- 
sides in the tip ; and it is the tip which transmits 
some influence to the adjoining parte, causing them 
to bend. As soon as (lie tip, protected by tbe root- 
cap, reaches the ground, it penetrates the surface, if 
this be soft or friable ; and the act of penetration is 
apparently aided by the rocking or circumntitating 
movement of the whole end of the radicle. If the sur- 
face is compact, and cannot easily be penetrated, then 
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the seed itself, unless it be a- heavy one, is displaced 
or lifted up by the continued growth and elongation 
of the radicle. But in a state of nature seeds often 
get covered with earth or other matter, or full into 
crevices, &c., awl thus :i point of resistance is aiiiirded, 
and the tip can more easily penetrate the ground. 
But even with seeds lying loose on the surface there 
is another aid : a multitude of excessively fine hairs 
are emitted from the upper part of the radicle, and 
these attach themselves firmly to stones or other ob- 
jects lying on the surface, and can do so even to glass ; 
and thus the upper part is held down whilst the tip 
presses against and penetrates the ground. The 
attachment of the root-hairs is effected by the lique- 
faction of the outer surface of the cellulose walls, and 
by the subsequent suiting hard ol tin: liquefied mutter. 
This curious process probably takes place, not for 
the sake of the attachment of the radicles to superficial 
objects, but in order that the hairs may be brought into 
tin.- closest toii taut with thepartieles in the soil, by 
which means they can absorb the layer of water sur- 
rounding them, together with any dissolved matter. 

After the tip has penetrated the ground to a little 
depth, the increasing thickness of the radicle, togethei 
with the root-hairs, hold it securely in its place; and 
now the force exerted by the longitudinal growth ol 
the radicle drives the tip deeper into the ground. 
This force, combined with that due to transverse 
growth, gives to the radicle the power of a wedge. 
Even a growing root of moderate size, such as that 
of a seedling bean, can displace a weight of soma 
pounds. It is not probable that the tip when buried 
in compact earth can actually ci renin nu tote and thus 
aid its downward passage, but the circumnutating 
movement will facilitate the tip entering any lateral 
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or oblique fissure in the earth, or a burrow made by 
an earth-worm or larva; and it is certain that roots 
often run down the old burrows of worms. The tip, 
however, m endeavouring to cireumnutate, will con- 
tinually press against the earth on all sides, and this 
can hardly fail to be of the highest importance to the 
plant; for we have seen that when little bits of card- 
like paper and of very thin paper were cemented on 
opposite sides of the tip, the whole growing part of 
the radicle was excited to bend away from the side 
bearing the card or mine resisting substance, towards 
the side bearing the thin paper. We may therefore 
feel almost sure that when the tip encounters a stone 
or other obstacle in the ground, or even earth more 
compact on one side than the other, the root will bend 
away as much as it can from the obstacle or the more 
resisting earth, and will thus follow with unerring 
skill a line of least resistance. 

The tip is more sensitive to prolonged contact with 
an object than to gravitation when this acts obliquely 
on the radicle, and sometimes even when it acts in the 
most favourable direction at right angles to the radicle. 
The tip was excited by an attached bead of shellac, 
weighing less than jfojth of a grain (0'33 mg.) ; it is 
therefore more sensitive than the most delicate ten- 
dril, namely, that of Pasaijlvra gracilis, which was barely 
acted on by a bit of " lie weighing ,l,fh of a grain. But 
this degree of sensitiveness is as nothing compared with 
that »f the gii'inda of Drusera, for those arc excited by 

tiveness of the tip cannot be accounted for by its 
being covered by a thinner layer of tissue than the 
other parts, for it is protected by the relatively thick 
root-cap. it is remarkable that although the radicle 
bends away, when ono side of the tip is slightly touched 
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with caustic, yet if the side be much cauterised the 
injury in too great, and the power of transmitting some 

ia lost. Other analogous cases are known to occur. 

After a radicle has boon deflected by some obstacle, 
geotropism directs the tip again to grow perpendicu- 
larly downwards; but geotropism is a feeble power, 
and here, as Sachs has shown, another interesting 
adaptive movement comes into play; for radicles at 
a distance of a few millimeters from the tip are 
sensitive to prolonged uoulaut in such a manner that 

they bend towards Ihe i rliiiijj; uljji'i-.t, iuslruii of' from 

it as occurs when an object touches one side of the 
tip. Moreover, the curvature thus caused is abrupt; 
the pressed part alone bending. Even slight pressure 
suffices, such as a bit of card cemented to one side. 
Therefore a radicle, as it passes over the edge of any 
obstacle in the ground, will through the action of geo- 
tropism press against it ; and this pressure will cause 
the radicle to endeavour to bend abruptly over tho 
edge. It will thus recover us quickly as possible its 
normal downward course. 

Radicles are also sensitive to air which contains 
more moisture on one side than the other, and they 
bend towards its source. It is therefore probable that 
they are in like manner sensitive to dampness in the 
soil. It was ascertained in several eases that this 
sensitiveness resides in the tip, which transmits an 
influence causing the adjoining upper part to bend 
in opposition to geotropism towards the moist object. 
We may therefore infer that roots will be deflected 
from their downward course towards any source oi 
moisture in the soil. 

Again, most or all radicles arc slightly sensitive to 
light, and. according to Wiesncr, generally bend a little 
36 
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from it Whether this can be of any service to them 
is very doubtful, but with seeds germinating on the 
surface it will slightly aid geotropism in directing 
the radicles to the ground.' We ascertained in one 
instance that such sensitiveness resided in the tip, and 
caused the adjoining parts to bend from the light. 
The sub-aerial roots observed by Wiesner were all 
apheliotropic, and this, no doubt, is of use in bringing 
them into contact with trunks of trees or surfaces of 
rock, as is their habit. 

We thus see that with seedling plants the tip of the 
radicle is endowed with diverse kinds of sensitiveness ; 
and that the tip directs the adjoining growing parts 
to bend to or from the exciting cause, according to the 
needs of the plant. The sides of the radicle are also 
sensitive to contact, but in a widely different manner. 
Gravitation, tlimiirli a less powerful cause of move- 
ment than the other above specified stimuli, is ever 
present; so that it ultimately prevails and determines 
t.lit* downward grnwth of the root. 

The primary radicle emits secondary ones which 
project sub-horizontally ; and these were observed in 
one case to circumnutate. Their tips are also sensitive 
to contact, and they are thus excited to bend away 
from any touching object; so that they resemble in 
these respects, as far as they were observed, the 
primary radicles. If displaced they resume, as Sachs 
has shown, their original sub-horizontal position ; and 
this apparently is due to diageotropism. The secondary 
radicles emit tertiary ones, but these, in the case oi 
the beau, are not affected by gravitation ; consequently 
they protrude in all directions. Thus the general 



• T>t. Karl Riohter, who hns in Wieii,* 1878, p. 149), states tbal 
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arrangement of the three orders of roots is excellently 
adapted for searching the whole soil for nutriment. 

Sachs has shown that if the tip of the primary 
radicle is cut off (and the tip will occasionally be 
gnawed off with seedlings in a state of nature) one of 
the secondary radicles grows perpendicularly down- 
wards, in a manner which is analogous to the upward 
growth of a lateral shoot after the amputation of 
the leading shoot. We have seen with radicles of the 
bean that if the primary radicle is merely compressed 
instead of being out off, so that an excess of sap is 
directed into the secondary radicles, their natural con- 
dition is disturbed and they grow downwards. Other 
analogous facts have been given. As anything which 
disturbs the constitution is apt to lead to reversion, 
that is, to the resumption of a former character, it 
appears probable that when secondary radicles grow 
downwards or lateral shoots upwards, they revert to 
the primary manner of growth proper to radicles and 
shoots. 

With dicotyledonous seeds, after the protrusion of 
the radicle, the hypocotyl breaks through the seed- 
coats; bur it' the cotyledons arc; Lypogeim, it is the 
epicotyl which brealtB forth. These organs are at first 
invariably arched, with the upper part bent back 
parallel to the lower ; and they retain this form until 
they have risen above the ground. In some cases, 
however, it. is the petioles of the coryleduns or of the 
first true leaves which break through the seed-coats 
as well as the ground, before any part of the stem 
protrudes; and then the pe!i"les are almost invariably 
arched. We have met with only one exception, and that 
only a partial one, namely, with the petioles of the two 
first leaves of Acanthus candelabrum. With Delphinium 
nudicaule the petioles of the two cotyledons are coin- 
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pletaly confluent, and they break through the ground 
us an arch ; afterwards the petioles of the successively 
formed early leaves are arched, and they are thus 
enabled to break through the base of the confluent 
petioles of the cotyledons. In the case of Megarrhiza, 
it is the plumule which breaks as an arch through the 
tube formed by the confluence of the cotyledon- 
petioles. With mature plants, the flower-stems and 
the leaves of some few species, and the rachis of 
several ferns, as they emerge separately from the 
ground, are likewise arched. 

The fact of so many different organs in plants of 
many kinds breaking through the ground under the 
form of an arch, shows that this must bo in some 
manner highly important to them. According to 
Haberlandt, the tender growing apex is thus saved 
from abrasion, and this is probably the true explana- 
tion. But as both legs of the arch grow, their power 
of breaking through the ground will be much in- 
creased as long as the tip remains within the seed- 
coats and has a point of support. In the case of 
monocotyledons the plumule or cotyledon is rarely 
arched, as far as we have seen ; but this is the case 
with the leaf-like cotyledon of the onion ; and the 
crown of the arch is here strengthened by a special 
protuberance. In the Gramineie the summit of the 
straight, sheath-like cotyledon is developed into a 
bard sharp crest, which evidently serves for breaking 
through the earth. With dicotyledons the arching of 
the epicuiyl or hype.eot.yl often appears as if it merely 
resulted from the manner in which the parts are 
packed within the seed; but it is doubtful whether 
this is the whole of the truth in any case, and it cer- 
tainly was net so in several eases, in which the arch- 
ing was seen to commence after the parts had wholly 
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escaped from the seed-coats. As the arching occurred 
in whatever position the seeds were placed, it is no 
doubt due to temporarily increased growth of the 
nature of epinasty or hypouasty along one side of the 
part. 

As this habit of the hypocotyl to arch itself appears 
to be universal, it is probably of very ancient origin. 
It is therefore not surprising that it should be in- 
herited, at least to some extent, by plants having 
hypogean cotyledons, in which the hypocotyl is only 
slightly developed and never protrudes above the 
ground, and in which the arching is of course now 
quite useless. This tendency explains, as we have 
seen, the curvature of the hypocotyl (and the conse- 
quent movement of the radicle) which was first 
observed by Sachs, and which we have often had to 
refer to us Sachs' curvature. 

The sevciiil tVirf'gning arched orgnns are continually 
circumnu rating, or endeavouring to circuamutate, even 
before they break through the ground. As soon us 
any part of the arch protrudes from the seed-coats it 
is acted upon by apogeotropism, and both the legs 
bend upwards as quickly as the surrounding earth will 
permit, until the arch stands vertically. By continued 
growth it then forcibly breaks through the ground; 
but as it is continually striving to circumnutate this 
will aid its emergence in some slight degree, for we 
know that a circumnutating hypocotyl can push away- 
damp sand on all sides. As soon as the faintest ray of 
light reaches a seedling, heliotropism will guide it 
through any crack in the soil, or through an entangled 
mass of overlying vegetation ; for apogeotropism by 
itself can direct the seedling only blindly upwards. 
Hence probably it is that sensitiveness to light resides 
in the tip of the cotyledons of the Gramineto, and in 
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the upper part of the hypocotyls of at least eome 
plants. 

As the arch grows upwards the cotyledons are 
dragged out of the ground. The seed-coats are either 
left behind buried, or are retained for a time still 
enclosing the cotyledons. These are afterwards cast 
off merely by the swelling of the cotyledons. But 
with most of the Ciiunrbifiiceic there is a curious 
special contrivance for bursting the seed-coats whilst 
beneath the ground, namely, a peg at the base of the 
hvpiirotvl, projecting at right, angles, ivhit-.li holds down 
the lower half of the seed-coats, whilst the growth 
of the arched part of tho hypoeotyl lifts up the upper 
half, and thus splits them in twain. A somewhat 
analogous structure occurs in Mimosa pudica and some 
other plants. Before the cotyledons are fully ex- 
panded and have diverged, the hypoeotyl generally 
straightens itself by increased growth along the con- 
cave side, thus reversing the process which caused 
the arching. Ultimately not a trace of the former 
curvature is left, except in the case of the leaf-like 
cotyledons of the onion. 

The cotyledons can now assume the function of 
leaves, and decompose carbonic acid ; they also yield 
up in other pulls uf the plant the nutriment which 
they often contain. When they contain a large stock 
of nutriment they generally remain buried beneath 
the ground, owing to the small development of the 
hypoeotyl ; and thus they have n better chance of 
escaping destruction by animals. From unknown 
causes, nutriment is sometimes stored in the hypoeotyl 
or in the radicle, and then one of the cotyledons or 
both become rudimentary, of which several instances 
have been given. It is probable that the extraordi- 
nary manner of germination of Megarrhissa Cali/orni&t, 
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Ipomcea leptopkylla and pandurata, ar.d of Quet-evs 
vireiM, i> eonm-eled with I lie horyin^ of the tuber-llki' 
roots, which at an early age are stocked, with nutri- 
ment ; for in these plants it is the petioles of tho 
cotyledons which livst protrude from the seeds, and 
they are then merely tipped with a minute radicle and 
hypocotyl. These petioles bend down geotropically 
like a root and penetrate, the ground, so that the true 
root, which afterwards becomes greatly enlarged, is 
buried at some little depth beneath the surface. Gra- 
dations of structure are always interesting, and Asa 
Gray informs us that with Ipomcea Jalnppa, which 
likewise forms huge tubers, the hypocotyl is still of 
considerable length, and the petioles of the cotyledons 
arc only modem: ely e knitted. But in addition to the 
advantage gained by the concealment of the nutritious 
matter stored within the tubers, the plumule, at least 
in the case of Megarrhi/a, is protected from the frosts 
of winter by being buried. 

With many dicotyledonous seedlings, as has lately 
been described by De Vries, the contraction of the 
parenchyma of the upper part of the radicle drugs the 
hypocotyl downwards into the earth ; sometimes (it is 
said) until even the cotyledons are buried. The hypo- 
cotyl itself of some species contracts in a like manner. 
It is believed that this lmryi:i}r process serves to 
pri.iH'Ct the si'i'il-iniis against the lio-ts ei' whiter. 

Our imaginary seedling is now mature as a seedling, 
for its hypocotyl is straight and its cotyledons are 
fully expanded. In this state the upper part of the 
hypocotyl and tile cotyledons continue for some time 
to circumnutato, generally to a wide extent relat vely 
to the size of the parts, and at a rapid rate. But 
seedlings profit by this power of movement only nlieii 
it is modified, especially by the action of light and 
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gravitation ; for they are thus enabled to move more 
rapidly and to a greuter extent than can most mature 
plants. Seedlings are subjected to a severe struggle 
lor life, and it appears to be highly important to them 
that they should adapt themselves us quickly and as 
perfectly as possible! ro their conditions. Hence also 
it in that they arc so extremely sensitive to light slid 
gravitation. The cotyledons of some few species are 
sensitive to a touch ; but it is probable that this is 
only an indirect result of the foregoing kinds of sen- 
sitiveness, for there is no reason to believe that they 
pn-ilil by moving when touched. 

Our seedling now throws up a stem bearing leaves, 
and often branches, till of which whilst young are con- 
tinually ci renin nutating. If we look, for instance, at a 
great acacia tree, we may feci assured thai every one of 
the innumerable growing shoots is constantly describ- 
ing small ellipses ; as is each petiole, sub-petiole, and 
leaflet. The latter, as well as ordinary leaves, gene- 
rally move up and down in nearly the same vertical 
plant;, so that they describe very narrow ellipses. 
The llowcr-peduneles are likewise continually eircuiu- 
uutating. If we could look beneath the ground, and 
our eyes had the power of a microscope, we should see 
the tip of each rootlet endeavouring to sweep small 
ellipses or circles, as far as the pressure of the sur- 
rounding earth permitted. All this astonishing amount 
of movement has been going on year after year since 
the time when, as a seedling, the tree first emerged 
from the ground. 

Stems arc sometimes developed into long runners or 
stolons. Thesecircumnutateinaeon3picnousmanner,and 
are thus aided in passing between and over surrounding 
obstacles. But whether the circunmutating movement 
has been increased for this special purpose is doubtful 
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We have now to consider circumnutation in a 
modified form, as the source of several great classes of 
movement. The modification may be determined by 
innate causes, or by external agencies. Under the first 
bead we see leaves which, when first unfolded, stand 
in a vertical pcsitimi, an el gradually bend downwards 
as they grow older. Wo sec flower-peduncles bending 
down after the flower has withered, and others rising 
up ; or again, steins with their tips at first bowed 
downwards, so as to be hooked, afterwards straighten- 
ing themselves ; and many other such cases. These 
changes of positum, which arc duo to cpinasly or 
hyponusty, occur at certain periods of the life of the 
plant, and are independent of any external agency. 
They are effected not by a continuous upward or 
downward movement, but by a succession of small 
ellipses, or by zigzag lines, — that is, by a circum- 
nutating movement which is preponderant in some 
one direction. 

Again, climbing plants whilst young eircuin nutate 
in the ordinary manner, but as soon as the stem 
has grown to a certain height, which is different for 
different species, it elongates rapidly, and now the 
amplitude of the circum nutating movement is im- 
mensely increased, evidently to favour the stem catch- 
ing hold of a support. The stem also circumnutates 
rather more equally to all sides than in the case of 
non-climbing plants. This is conspicuously tiio case 
with those tendiils which consist of modified leaves, 
as these sweep wide circles ; whilst ordinary leaves 
usually circumnutate nearly in the same vertical plane. 
F lower-peduncle b when converted into tendrils have 
their circumnutating movement in like manner greatly 
increased. 

We now come to our second group of circumnu- 
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tating movements — those modified through external 
agencies. The so-called sleep or nyctitropie move- 
ments of leaves are determined by the daily alterna- 
tions of light and darkness. It is not the darkness 
which excites them to move, but the difference in the 
amount of light which they receive during the day 
and night ; for with several species, if the leaves have 
not been brightly illuminated during the day, they 
do not sleep at uight. They inherit, however, some 
tendency to move at the proper periods, indepen- 
dently of any change in the amount of light. The 
movements arc in some eases extraordinarily complex, 
but as a full summary has been given in the chapter 
devoted to this subject, we will here say but little on 
this head. Leaves anil cotyledons assume their noc- 
turnal position by two means, by the aid of pulvini and 
without such aid. In the former case the movement 
continues as long as the leaf or cotyledon remains in 
full health ; whilst in the latter case it continues only 
whilst the part is growing. Cotyledons appear to 
uleep in a larger proportional number of species than 
do leaves. In some species, the leaves sleep and not 
the cotyledons ; in others, the cotyledons and not the 
leaves ; or both may sleep, and yet assume widely 
different pusiliims at night. 

Although the nyctitropie movements of leaves and 
cotyledons are wonderfully diversified, and sometimes 
differ much in the species of the same genus, yet the 
blade is always placed in such a position at uight, that 
its upper surface is exposed as little as possible to full 
radiation. We cannot doubt that this is the object 
gained by these movements ; and it has been proved 
that leaves exposed to a clear sky, with their blades 
compelled to remain horizontal, suffered much more 
from tho cold than others which were allowed to assume 
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their proper vertical position. Some curious facts 
have lieen given under this head, showing that hori- 
zontally os tended leaves suffered more at. night, when 
the air, which is not cooled by radiation, was prevented 
from freely circulating beneath their lower surfaces; 
and so il, was, ivIioii the. leaves wfro allowed to go to 
sleep on branches which had been rendered motionless. 
In some species the petioles rise up greatly at night, 
and the pinna} close together. The whole plant is 
tiius rendered more compact, and a much smaller 
surface is exposed to radiation. 

That the various nyctitropu; movements of leaves 
result from modified circum nutation has, we think, 
been clearly shown. In the simplest cases a leaf 
describes a single large ellipse during the 24 h. ; and 
the movement is so arranged that the blade stands 
vertically during the night, and reassuines its former 
position on the following morning. The course pursued 
diH'ors from ordinary eirouiunutation only in its greater 
amplitude, and in its greater rapidity late in the 
evening and early on the following morning. Unions 
this movement is admitted to be one of circuinnu- 
tation, such leaves do not circum nutate at all, and this 
would be a monstrous anomalv. In other cases, leaves 
and cotyledons describe several vertical ellipses during 
the 24 h. ; and in the evening one of them is increased 
greatly in amplitude until the blade stands vertically 
either upwards or downwards. In this position it con- 
tinues to circtimnutate until the following morning, 
when it reassumes its former position. These move- 
ments, when a pulvinus is present, are often compli- 
cated by the nihil ion of the leaf or leallol ; and such 
rotation on a small scale occurs during ordinary cir- 
cumnutation. The many diagrams showing the move- 
ments of sleeping and non-sleeping leaves and coty- 
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ledons should be compared, and it will be seen that 
they are essentially alike. Ordinary circumnutation 
is converted into a nyctitropie movement, firstly by an 
increase in its amplitude, but not to so great a degree 
as in the case of climbing plants, and secondly by its 
being rendered periodic in relation to the alterna- 
tions of day and night. But there is frequently a 
distinct truce of periodicity in the circumnutating 
movements of non-sleeping leaves and cotyledons. 
The fact that nyctitropic movements occur in species 
distributed in many families throughout the whole 
vascular series, is intelligible, if they result from the 
modification of the universally present movement of 
circumnutation ; otherwise the taut is inexplicable. 

In flic siivcntli chapter we have given the case of 
a Forlieria, the leaflets of which remained closed all 
day, as if asleep, when the plant was kept dry, appa- 
rently for the sake of checking evaporation. Some- 
thing of the same kind occurs with certain Graminese. 
At the close of this same chapter, a few observations 
were appended on what may be called the embryology 
of leaves. The leaves produced by young shoots on 
cut-down plants of M'/Jiloiits taurica slept like those of 
a Trifoliuin, whilst the leaves on the older branches 
on the same plants slept in a very different manner, 
proper to the genus ; and from the reasons assigned 
we are tempted to look at tins ease as olio of reversion 
to ii i'linur] 1 nyetirropio iiahit, S.o a^ain with .: ,• ,- 
divm gyrans, the absence of small lateral leaflets on 
very young plants, makes us suspect that the imme- 
diate progenitor of this species did not possess lateral 
leaflets, and that their appearance in an almost rudi- 
mentary condition at a somewhat more advanced age 
is the result of reversion to a trifoliate predecessor. 
However this may be, the rapid circumnutating or 
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gyrating movements of the little lateral leaflets, seem 
to be due proximately to the pulvinus, or organ of 
movement, not having been reduced nearly so much 
as the blade, during the successive modifications 
through which the species lias passed. 

We now come to tho highly important class of 
movements due tu the :u;1 ion of a lateral light. When 
Stems, leaves, or oilier unpins are placed, so that one 
side is illuminated more brightly than the other, they 
bend towards the light. This h el in tropic movement 
manifestly results from the modification of ordinary 
circumnutation ; and every gradation between the two 
movements could be followed. When the light was 
dim, and only a very little brighter on one side than 
od tho other, the movement consisted of a succession 
of ellipses, directed towards tho light, each of which 
approached nearer to its source than the previous one. 
When the difference in the light on the two sides 
was somewhat greater, the ellipses were drawn out 
int. ■ a sti'unjrly-iiiin'ki'il zigzag line, and when much 
greater the eour.se becunio rectilinear. We have 
reason to believe that changes in the turgescence ol 
the cells is the proximate cause of the movement 
of circum nutation ; and it appears that when a plant, 
is unequally illuminated on the two sides, the always 
changing turgeseenee is augmented along one side, 
and is weakened or quite arrested along the otluir 
sideH. Increased turgescence is commonly followed by 
increased growth, so that a plant which has bent itself 
towards the light during the day would be fixed in this 
position were it not for apogeotropism acting during 
the night. But parts provided with pulvini bend, a3 
Pfeffer has shown, towards the light ; and here growth 
does not come into play any more than in the ordinary 
circumnutating movements of pul villi. 
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Heliotropism prevails widely throughout tlie vege- 
table kingdom, but whenever, from the changed habits 
of life of any plant, such movements become injurious 
or useless, the tendency is easily eliminated, as we see 
with climbing and insectivorous plants. 

Apheliottopic movements are comparatively rare in 
a well-marked degree, chequing with sub-aerial roots. 
In the two cases investigated by us, the movement 
certainly consisted of modilied eirenmnutation. 

The position which leaves and cotyledons occupy 
during the day, namely, more or less transversely to 
the direction of the light, is due, according to Frank, 
to what wo call dialieliotropistn. As all leaves and 
cotyledons are continually circum nutating, there can 
hardly be a doubt that di;ihcliotro]iism results from 
modified circunmutation. From the fact of leaves and 
cotyledons frequently rising a little in the evening, it 
appeal's as if diaheliotropism had to conquer during 
the middle of the day a widely prevalent tendency to 
a pOLreolrnpisiu. 

Lastly, the leaflets and cotyledons of some plants 
are known to be injured by too much light; and when 
the sun shines brightly on them, they move upwards 
or downwards, or twist laterally, so that they direct 
their edges towards the light, and thus they escape 
being injured. These parallel iotrnjiic movements cer- 
tainly consisted in one case of modified circumnuta- 
tiun ; and so it probably is in all cases, l'or the leaves 
<d' all the species described eircunmutate in a con- 
spicuous manner. This movement has hitherto been 
observed only with leaflets provided with pulvini, in 
which the increased turgescence on opposite sides is 
not followed by growth ; and we can understand why 
this should be so, as the movement ia required only 
for a temporary purpose. It would manifestly be dis- 
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advantageous for the leaf to be fixed by growth in its 
inclined position. For it has to asBume its former 
horizontal position, as soon as possible after the sun 
has ceased shining too brightly on it. 

The extreme sensitiveness of certain seedlings to 
light, as shown in our ninth chapter, is highly remark- 
able. The cotyledons of Phalaria became curved 
towards a distant lamp, which emitted so little light, 
that a pencil held vertically close to the plants, did 
not cast any shadow which the eye could perceive 
on a white curd. Those cotyledons, therefiive, were 
affected by a difference in he amount of light on their 
two sides, which ilie eye cmiM tint distinguish. The 
degree of their curvature within a given time towards 
a lateral light did not correspond at ail strictly with 
the amount of light which they received ; the light 
not being at any time in excess. They continued for 
nearly half an hour to bend towards a lateral light, 
after it had been extinguished. They bend with 
remarkable precision towards it, and this depends on 
the illumination of one whole side, or on the obscura- 
tion of the whole oppusite side. The difference in the 
amount of light which plants at any time receive in 
comparison with what they hare shortly before re- 
ceived, seems in all cases to bo the chief exciting cause 
of those movements which are influenced by iight. 
Thus seedlings brought out of darkness bend towards 
a dim lateral light, sooner than others which had pre- 
viously been exposed to daylight. We have seen 
several analogous cases with the nyctitropic move- 
ments of leaves. A striking instance was observed in 
the case of the periodic movements of the cotyledons 
of a Cassia; in the morning a pot was placed in an 
obscure part of a room, and all the cotyledons rose up 
closed; another pot had stood in the sunlight, and 



566 



SUMMARY AND 



Chap. XII. 



the cotyledons of course remained expanded; both 
puts were now placed close top-ether in the. middle of 
the room, and the cotyledons which had boon exposed 
to the sun, immediately began to close, while the 
others opened ; so that the cotyledons in the two pots 
moved in exactly opposite directions whilst exposed 
to the same degree of light. 

We found that if seedlings, kept in a dark place, 
were laterally illuminated by a small wax taper for 
only two or three minutes at intervals of about three- 
quarters of an hour, they all became bowed to the 
point where the taper had been held. We felt much 
surprised at this fact, and until we had read Wiesner's 
observations, we attributed it to the after-effects of 
the light; but he has shown that the same degree 
of curvature in a plant may bo induced in the 
course of an hour by several interrupted illumina- 
tions lusting altogether for '20 ni., as by a continuous 
illumination of 60 m. Wo believe that this case, 
as well as our own, may be explained by the ex- 
citement from light being due not so much to its 
actual amount, as to the difference in amount from 
that previously received ; and in our case there were 
repeated alternations Irons complete darkness to light. 
In this, and in several of the above specified respects, 
light seems to act on the tissues of plants, almost in 
the same manner as it does on the nervous system 
of animals. 

There is a much more striking analogy of the same 
kind, in the sensitiveness to light being localised in 
the tips of the cotyledons of Phalaris and Avena, and 
in the upper part of the hypoeotyls of Brassiea and 
Beta; and in the transmission <>i some influence from 
these upper to the lower parts, causing the latter to 
bend towards the light. This influence is also trans- 
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mitted beneath the soil to a rtepth where no light 
inters. It follows: from this !n:;il Lotion, that the. 
lower parts of the cotyledotis of Phalaris, &e., which 
normally become more bent towards a lateral lipht 
than the upper parts, may be brightly illuminated 
during many hours, and will not bend in the least, if 
all light be excluded from the tip. It is an interest- 
ing experiment to place caps over the tips of the 
cotyledons of Phalaris, and to allow a very little light 
to enter through minute orifices on one side of the 
caps, for the lower part of the cotyledons will then 
bend to this side, and not to the side which has beeD 
brightly illuminated during the whole time. In the 
case of the radicles of Sinapis alba, sensitiveness to 
light also resides in the tip, which, when laterally 
illuminated, causes the adjoining part of the root to 
bend apheliotropically. 

Gravitation excites plants to bend away from the 
centre of the earth, or towards it, or to place them- 
selves in a transverse position with respect to it. 
Although it is impossible to modify in any direct 
manner the attraction of gravity, yet its influence 
could liu moderated indirectly, in the Several ways 
described in the tenth chapter; and under such 
circumstances the same kind of evidence as that given 
in the chapter on Heliotropism, showed in the plainest 
manner that apogeotropic and geotropic, and probably 
diageotropic movements, are all modified forms of 
c ire umnutation. 

Different parts of the same plant and different 
species are affected by gravitation in widely different 
degrees and manners. Some plants and organs exhibit 
hardly a trace of its action. Young seedlings which, 
as we know, e ire urnmi tut e rapidly, are eminently sensi- 
tive ; and we have seen the hypocotyl of Beta bending 
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upwards through 109° in 3 h. S m. The after-effects 
of apogcotropism last for above half an hour ; anil 
horizontally-laid hypocotyls are sometimes thus car- 
ried temporarily beyond an upright position. The' 
benefits derived from geotropism, apogeotropism, and 
diageotropism, are generally so manifest that they 
need not be specified. With the flower-peduncles of 
Oxalis, epiuusty causes them to bend down, so that 
the ripening pods may be protected by the calyx 
from the ruin. Afterwards they are carried upwards 
hy upogootropisni in combination willi ]iy fwn;is1 y, and 
are tlius enabled to scatter their seeds over a wider 
space. 'J'lii j capsules and flower-hr-ads uf some plants 
are bowed downwards through geotropism, and they 
then bury themselves in the earth for the protection 
and slow maturation of the seeds. This burying 
process is much facilitated by the rocking movement 
due to eircum nutation. 

li! the cum', of f lie radicle? ot several, probably of all 
seedling plants, sensitiveness to gravitation is confined 
t.u the tip, wliitjii transmits an inllueuce In the adjoining 
upper part, causing it to bend lo\iiirtls the centre of 
the earth. That there is transmission of this kind was 
proved in an interesting manner when horizontally 
extended radicles of the bean were exposed to the 
attraction of gravity for 1 or 1£ h., and their tips were 
then amputated. Within this time no trace of curva- 
ture was exhibited, and the radicles wore now placed 
pointing vertically downwards ; but an influence had 
already been transmitted from the tip to the adjoining 
part, for it soon became bent to one side, in the Bame 
manner as would have occurred had the radicle 
remained horizontal and been still acted on by geo- 

tii'l'i.sin. liadicies thus treated continued to grow out 

horizontally for two or three days, until a new tip wan 
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informed ; and this was then acted on by geotropism, 
and llit: radicle liueuiuu curved perpendicularly down- 
Irani s. 

It has now been shown that the following important 
classes of movement all arise from modified eircum- 
nutation, whieli is omnipresent whilst growth lasts, 
and after growth has ceased, whenever pulvini are 
present. These classes of movement consist of those 
due Tn epmasty and hyinnm-ity- — those proper to 
climbing plants, commonly called revolving nutation, 
— the nyctitropic or sleep movements of leaves and 
cotyledons, — and the two immense classes of move- 
ment excited by light and gravitation. When we 
speak of modified circumnutation we mean that light, 
or the alternations of light and darkness, gravitation, 
slight pressure or other irritants, and certain innate 
or constitutional states of the plant, do not directly 
cause the movement ; they merely load to a tempo- 
rary increase or diminution of those spontaneous 
changes in the turgeseenco of the cells which are 
already in progress. In what manner, light, gravita- 
tion, &c, act on the cells is not known; and we 
will here only remark that, if any stimulus affected 
the cells in such a maimer as to cause some slight 
tendency in the affected part to bend in a beneficial 
maimer, this tendency might easily be increased 
through the preservation of the more sensitive indi- 
vidual* But if such bending were injurious, the 
tendency would he eliminated unless it was ovcr- 
poweringlv strong; for we know how commonly all 
Ciiiii'uek'i'Ji in all or^aiiLiiiii vary. Nor can we see any 
reason to doubt, that after the complete elimination of 
a tendency to bend in some one direction under a 
certain stimulus, the power to bend in a directly 
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opposite direction might gradually be acquired through 
natural selection.* 

Although so many movements have arisen through, 
modified circumnutation, there are others which 
appear to have had a quite independent origin ; hut 
they do not form such large and important classes. 
When a leaf of a Mimosa is touched it suddenly 
assumes the saints position as ivhen asleep, but. Iji iicki: 
has shown that this movement results from a different 
state of turgescence in the oells from that which 
occurs during sleep ; and as sleep- movements are cer- 
tainly due tu modified ciroumnntution, those from a 
touch can hardly be thus due. The back of a leaf of 
Dro.-i;,-'.i, i-'ii.i;it,!ij(i!iu was cemented to the summit of 
a stick driven into the ground, so that it could not 
move in least, and a tentacle wan observed during 
many hours under the microscope; but it exhibited 
no circum nutating movement, yet after being mo- 
mentarily touched with a bit of raw meat, its basal 
part began to curve in 23 seconds. This curving 
movement therefore could not have resulted from 
modified circumnutation. But when a small object, 
suck as a fragment of a bristle, U'as placed on one side 
of the tip of a radicle, which we know is continually 
cucuiimutating, tin: induced curvature was so similar 
to the movement caused by geotropism, that we can 
hardly doubt that it is due to modified circumnu- 
tation. A flower of a Mahonia was cemented to a 
slick, and the stamens exhibited no signs of circum- 
nutation under the microscope, yet when they were 
lightly touched they suddenly moved towards the pistil. 
Lastly, the curling of the extremity of a tendril when 
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touched seems to bo independent of its revolving 01 
eireumnutating movement. This is best shown by ths 
part which is the most sensitive to contact, eireum- 
nutating much less than the lower parts, or apparently 
not at all." 

Although in these cases we have no reason to 
believe that the movement depends on modified eir- 
cumnutation, as with the several classes of movement 
described in this volume, yet the difference between 
the two sets of cases may not bo so great as it at 
first appeal's. In the one set, an irritant causes an 
increase or diiuiiini.ion in the tuvj:eseeiieo of the cells, 
which are already in a state of change ; whilst in the 
other set, the irrifcmt first starts a similar change in 
their state of turgescence. Why a touch, slight 
pressure or any other irritant, such as electricity, heat, 
or the absorption of animal matter, should modify the 
turgescenoe ui the ii fleeted cells in such it mmiiiti' as hi 
cause movement, we do not know. But a touch acts in 
this manner so often, and on such widely distinct plants, 
that, the tendency seems to be a very general one ; and 
if beneficial, it might be increased to any extent. In 
other cases, a touch produces a very different effect, 
as with Nitella, in which the protoplasm may be seen 
to recede from the walls of the cell; in Lactuca, in 
which a milky fluid exudes; and in the tendrils of 
certain Vitaceas, Cucurbitaceie, and Bignoniacere, in 
which slight pressure causes a cellular outgrowth. 

Finally, it is impossible not to be struck with the 
resemblance between the foregoing movements of 
plants and many of the actions performed uncon- 
sciously by the lower animals.f With plants an 



* For the evidence od Ibis ' pp. 173, 17*. 
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astonishingly small stimulus siillioes; and even with 
allied plants duo may be (uglily sensitive to the 
slightest continued pressure, and another highly sensi- 
tive ton slight momentary touch. The habit of moving 
at certain periods is inherited both by plants and 
animals ; and several other points of similitude have 
been specified. But the most striking resemblance is 
the localisation of their sensitiveness, and the transmis- 
sion of an influence from the excited part to another 
which consequently moves. Yet plants do not of course 
possess nerves or a central nervous system ; and we 
may inter that witii uniirils sueh slnieluri'S sr.-ri't* milv 
for the more perfect transmission of impressions, and 
for the more complete intercommunication of the 
several parts. 

We believo that there is no structure in plants more 
wonderful, as far as its functions are concerned, than 
the tip of the radicle. If the tip he lightly pressed ■ 
or burnt or cut, it transmits an influence to the upper 
adjoining part, causing it to bend away from the 
effected side ; and, what is more surprising, the tip 
ean distinguish between a slightly harder and softer 
object, bv which li is sinmlnmi'itusiv pressed on oppo- 
site sides. If, however, the radicle is pressed by a 
similar object a little above the tip, the pressed part 
does not transmit any influence to the more distant 
pai-ts, but bond* abruptly tnwavds tin. 1 ubjoi-i. It the 
tip perceives the air to bo moister on one side than 
on the other, it likewise transmits an influence to the 
upper adjoining part, which bends towards the source 
of moisture. When the tip is excited by light (though 
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in the case of radicles this was ascertained in only a 
single instance) the adjoining part bends from the 
light, ; hut when excited by gravitation the. name: pint 
bends towards the centre of gravity. In almost every 
case we can clearly perceive the final purpose or advan- 
tage of the several movements. Two, or perhaps more, 
of the exciting causes often act simultaneously on the 
tip, and one conquers the other, no doubt in accord- 
ance with its importance for the life of the plant. 
The course pursued by the radicle in penetrating the 
ground must be determined by the tip; hence it 
has acquired such diverse kinds of sensitiveness. It 
is hardly an exaggeration to say that the tip of the 
radicle thus endowed, and having the power of 
directing the movements of the adjoining parts, acts 
like the brain of one of the lower animals j the brain 
being seated within the anterior end of the body, 
receiving impressions from the sense-organs, and 
directing the several movements. 
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Cycat peoHwtta, ciroumnutatinn of 

young haf. whilst emerging from 

the ground, 58 
, first [,.-,,! celled, IE 



"cotyledon, ili 
, undeveloped eolyledona, 7B, 



leaves, flt-u-J-m 



...ciitol'i,avea,U|l 
Darliwjhaia Califaraira. its 1,-jives 

oi- pitch it* ;j jili.jlintiof.ii', i, ii. 
Darwin, Chnrta, on Afiiur.mrfia 
.■DhJiiM-ji-.r -nt.-^:,: on tufliwi'diali 
turnip, 230, a. ; movement* or 
climbiiis plunts, 2iiH 27lj tbo 
licliolrojiii- imin meiit of the ten- 
drilsol'ili'./noNfa cnvreclata. 4 33: 
ri.volulion of climbing plant*, 
451 : on tbe curling of a tendril, 



fjye.h 



rasmus, ou tho pedne 



n the i 



lido of 



W/H-Ji n»»i. 4SJ: on Hj-rn,^ 
,,.o seeds, 48^ n. 
Datura ttwnwnium. nocturnal 

movement of cotyledons, 2!1S 
Delpiuo, on otdcdoiiB of Ciiicro- 

j.livlliiru utiJ Ci.i vdidis, Bfi, n. 
L'.-lflliii\nw. ;mr'ien:ii-', m ■*[■■ 
' caking through liie ur-nin-.l, -n 
[Incut p.,ii^|....-<.i tiv„ t , tv 
dona, 553 



-, , of leaf, 340, 211 

downward Bplicli lir.jjiic r.v 
rent of a flower peduncle, 4; 



— , Bleep of lua< 

alous, aL4 

-, ci reunion In 
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tropio movement of lcnves, S58- 
Oeamodiam iryranp, movement of 

kivr.ii l.iiii.iiB. 

— , jerking of loutHs, 3S2 

• nyctltmpio movement uf |ioti- 

olra, iOiL illl 
, diumeler of j 



:ht. 



lateral n 



of liaivei 



Dvcr. Mr, Thirfltnu, on (lie loaves 
„[' Cn.tnt<iria. 'dM ; on Caaiaffori- 



, sliapo or Intoml leaflet, ilfi 

v/.tjttrtilitinu, 'Mi, a. 

Veiftzia rjrnciUz, ciriuiriiiiiilJilimi of 

skin, iflj 
Dingantrnnisin, 5; or truMvcrae- 

B^otropism, s2Q 
Ui!.li 1 -lintr..iiiwii,S;nr Tnuavmnl- 
Hi-liotropi auras of Frank, 119; 
iiiflnencoil by cpirniaty. : 
- -- J apogeatropL,ni, 



m 

]):„,,lhi:.i 

: -l 2 
Dituii l. . ■ .. 



xrifvJtiillus, _2L> 



Kl'\l..e. K, o„ ,h. Tl,...>l: ,» nf 

»i<irgiw miuKum. lf-9; on 



2il 

,.ai:iu.li<.i 1 a.:f. ZM-lH 

ii. . .. . .. i, n .. 

AJnwm Gir.«m».Vrjoluru of first 

,'.*-«!./■ U. wtt.-ju.-nX v 

, of I bo loiitor]«o. ZJO 

— . sens; u i cnoae of tentuola 

m 

■ - , theft ■ r ii-aiw. HI 

, lenif.s n o-lictmpio, 150 

, louios •innji.in.lj'o lujial) 

ISA 

, eei.8;lir.M'-a of J7U 



, t.hlv, 5, 207 

l-.lu.-i Ijl Of >. j . I 

..f bnaU-.i.d ;nr..i-.^i. it.,- 1 
U. ro.». Oio f 

uu.lo> rj» (. : ou of mi nn-Jt, 
£Vi,lJtrfjui «tf™, tUi-p of 



., i! i - SB7 

on of louves, 2-11 



a:'3--wii 

Fragaria Jtatiura. cfrciiiu nutation 
oi =l.nl<i!i, J 1 4 -H 1 H 

Frank, Ur, A. B., [he terrai Helio- 
tropi™ and ("iootrnpism. first 
used by him, 5, u. i ruiiiclis "ctud 
'»ii by tf.-.tmniam, m «. ; on 11.0 
fidiiirlioff fWjfinVl. '>\a; permdn' 
anil nycti tropic movent en Id oF 

uf plwlfikifrt In djirkneH, i43 : 



Genera eniitiiining Bleeping plants, 

320,321 

OeotJopitfn, 5; effort or, on the 
priiiuirr mdiolo, liHi: I he reverse 
uf mi'ifftfitrfpisiii. SI? ' effect on 
Lin: Si[M uf mtlieles, SM 

(;..'«i, i .jf.j. [■(iifreum, !!£L1 



IbsWfutn.noctiirn 

.,r cotyledons, 298^ 



„,™t ..r cotyledon, Mi, 312 

aHnOIliWliir, Sill 

Germinating aecd, liietoty or a, 



hypiooi/l, 21,'lQS 

, lutryii.f; oF hypocntyl, 

-, Hi-i.-ri LiTi"s fijoijy i/lHim: imSc- 

— Asleep of cotyledon. 



UlyriM i/spi'r/o, vertical eiuking of 

1. a Me Li, 3BU 
Glycgrrkim, leaflela deprenserl at 

niiht, Jii 

rconce of the™e'lla7i85 " ' ' S<> ' 
Gooscbbrry, effect nr ntdialiun, 231 
Gastypium (var. Nnnkin cotton), 

e iteum i] illation of hypoeolyl, 

22 

, iiLOv,>niMi!.oFe<ilvledim, 22^ 2S 

■ , Bleep oF leaves, 'Hi 

nrlitireum (?), sleep of cotyle- 



— , sleep oF cotyledons. 303 

o|iox of radicle, 1£3 
— , radicles oauterised trans- 
versely, 531 

— marlHaum, nocturnal tnove- 
iii. ''it ii!" leaves, 321 



«iih, £2 ; on llie .-Ijnjjft,- 
i m.mo/ca, 52U ; on the 
'" Mappt, 551 



ndielcs and 
tir*. IK2. IKi 
GroBaner. Dr.TT, ;u the coMedons 
or Cijrliimen Pertieum, iB. li- 
on bypocotyl oF the same, 3B 
l.;yn.ii,iir;i!inii, ■■■■■ 
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Hubr.Tlundt, Dr., on the prolubo- 
nace on the hypocoLyi of Allium, 
5il; (he importunes of the mrh 
10 «eedliiisj [limits, til : sub- 
mittal euutummeaii coiyle- 
doue, IIP, a,, the 'irthcil hypu. 
cotyl, 551 ^ 



II, d , a 



i of loaves, a5ii 
ill prmtratam, « 
ovemtiit of flowcr-1 



518 m ° n ' 
Ueliaathiu unii«w. circuinnulutiuu 

•■( hv|iii«ityi. ±5 

, arehiii!- of livpoi-otvl, UQ 

rn.il movement of oty- 



L-.1i,ii s . 3 
Udiolr 

,H.,Lli(i„l 



S of, 113 : 



UtlUhnrtui ui'jer, mode of tin 



Jul. His 



.■ /„j/,lr: 



C.,i..l 



ll' lmei:Mcr. on ttio curious r 

mi.nt of Sjiiro^vr.1, -i a i. 

tlio leaves ul fi-ini *(-.( 

^j.'j - of curvli'iluliji iit infill, 

of petal?, ±11 
and BxtHlin on tin morel 

si' Hi. - fLihl.uj-0, 229 
Ilook.r, Sir.).,™ llie.fm.t of 

uit lhti pildiors uf Sarrat 

150 



nutation iitnl olher movements 
when nri'heil,[iH; power uf alruight- 
euing themselves, lull : rupture 
of tlio B.'1-dTmts, li'^-lliil; 
t ration of, i!Hi; rtreumtiufcitjjm 
when erect, 141; when in dork 
US 

Hyponaaty, 6, 213 



Ibcris taabelluta. 



Ji.t of st. 



Hi .it .ii.'ii. .■IT.-..:-, of, on I lie. sloop 

Ol lenV.IS, iiiia 
Imatopliyltani vol Ctivia (ap. ?), 

nnnimmil of leaves, 255 
lndi>jufer<t tindoria, leufluts do- 

|>ri'ssiil at night, 351 
Iiilrei iiiineo in plants. -107, 131 
Insectivorous and climbing iilnutt 

nut lielioiiopit, 15(ij iiillm.ii^ ,.f 

ll:):t oil. 1*3 

Ipoma to. 
ootid, an 



iny "f hy]'.i- 



[..■do-.i 



monts of ooty- 
SSfi 

li-ht. 151 



■ions at nielli, .rnaia 

- l.-fl,,,,!,,,!!.,. iiukIo of lirii.kiui; 

jf.UL.-h u'e ground, H3, Bl 

-, nidiiiii; of the petioles of the 

raviluliou in diffurtnt parti, 

ua 

-. i itt lurdinnry manner of yof 
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Ipcmaa jjanif«rn(ti, rammer of ger- 
miuaii..*-', 81,557. 

■ purpurea (vel I'hnrhilit Itiv- 

pida% rwdtwrtwl ooTemenl of 
rutJ-k-J"!.*. :».">. lU^ 

i ,' suiisUivtwsa to light, 151 

, llio liypoeotykdnnoua atcma 

heliotrope, 153 
Iris pKwIo-aaTOt, eircuijmutnlion 

of Iciivea.233 
Irinbch, on cotyledons of Banan- 

nifpH fWifl.flfi 
Ivy, its stoma liolioimpii', ±51 



lilin 



s, the, 



ui'nt du- 



al liy Sncha 
tropi»m, 113 
Kn.iw, llr.Onl.n.i l.liu ninUTfn.imil 
sliootB of THii*™ rtpTu, IHU ; 
on CamrnWn taiivn. 23rt, OT, 
312; ou lLo moFtmuiitd ui" Iish i s, 
318 



ZnrfMca fmr/olo. sleep of wrfyle- 

iluua, 305 
La.jcnarin ivlgarit, circaninutntioii 

of sei-dliiiRa, 12 
.ol'mlyludoiiB.13 



— . c]lhj:-irs duticribod by, IQ7. 
1QS 

»WB, eirtuinnntalion of, 226- 



2<;2: dirritvlodiiiiVi2.>l=lS; ; mo 
iMj.ntyh-d-.ilj, 2.v>-',::.7 iivctilrn- 

pistiii.f.ljiii; thoirt.-;ri],,.,r rour- 

lectod if tlioir pusiLion lit night, 
SSI; nyetllropio or aloup niivc- 



s dull, . L- 



Hatllad 



.. >f. ill; , 
iliuniid slis'p, 415 
L^i)iindiw»:i; alcc-p of eiilylcdona, 
:!US: s!ei!|'inBspe.'ic», 311) 
i Ji:,mit mill Dtx-uiatie, 67. 

i, alocp of ratyle- 



b, 3U2 

jnvcmenta esoitod by 118, 
: iitli i. mi iiin-t yi-j.-Hf.il> In 

-ry.iin -y.-teni ul animuls, 



on llio leutfM .if a'i'Ju ai'utilou, 
311: ua ffiiiof/ie™ mu«<"uniiii, 
SS3 

Liuum llerenrtieri, nocturnal movs- 

inoiit of ii 1 1 ty I m ions, 2i!S 
tuifiid'fsimutii, cireum nutation 



f.n'.- u L '. ininls alTtctU' 1 by 

DWdDinn. 5112: 

M..l;i[i- t ii'!h,) 



npn-i 
Lii.'uVi.'ivi hrudrif! odt 
tip, 212 

~, BBiiH tivoni aa to light, 153 

Loomis. Mr., on tin: move molds In 

tho fruiting I'romla of jls^fciiiurii 

tricliuitianea, 2r,7 

Mns urbtalo, tHod of ratlin t ii n 

on lettVi a, 2112 
Crclkat, Korea uwako nnd 

italeen, 354 
- — Oth.Ui. niK'hirual raoTtmenl 

of cotyledon* 3QS 
, I en dole proviiiod with polrini, 

353 

Jocofwuii, movements of onty 

ledotia, Hi 1M 
— , palvini of, 115 
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Lnlm j.Tml-iiis, movements at 

nis'it. 11'J, 121, 121 
— , .Irvelojimmt r.f [Fiilvini, 122 
, shop of ootylodoiw, jinn, 3111 

leavea/aOS."'' 

— ™tigki™?tolveZnl ^leaf- 
lets, 35U 

Lnii'ifitnit fii/jxfit, cimmnliitatiini 

a/hi/r-Mis. »!;cp of le.ivt-3, 

BtUtvmtti alti;p uf Icavta, 

311 

ialeiM, circumnutatioLi of coly- 

ladons, 3S LU1 
. i-Hwi of darkness, 121 

ashsp! 311 
■ — -. iliil'iT.:iit positions of leaves a; 



on ut night. 202 
eiiviiiiimiint.ion noil nyoti- 
c inoV'j»i-.:at uf Itiiiil tj, il.Jj- 



inl.ii. ii of p.; 
Vrdimga .floe 
tif.n iil'lf-uvi 



nul poai- 
ieavea awake and 



asleep, 3ii 
Me-l.aii, Mr., on Uib effect 

.i'.Miliiii fill l'vttittilc* ol 



and leaflet-, 3U5 

iUemiMii, sleep of leaves, 313 

— — ^ iiiHlaiiiii, sleep of leaves, 

a/kiu, steep of leaves. 

mi 

pulyjihi/llus, sleep of leaves, 

313 

p.ifescens, Bleep of leans by 

dvj and night, 8K 
— -, pi.titiun o] [. liuliM st night, 



nents of petioles, 101 



h, Mr. R., on Pneftin 

i, 1)5, it ; sleep movoD 

:rrl,<a : 3L!0 



Taranfa orandinausa, nyctitropto 
movement of leaves, afiiMilll 

, after much ogitotion do not 

sleep, 313 



cie/alia, sleep of leaves, 



in^esla, sleep of 



dentuta, effect of radiation at 

night, iSj 

nbpaiui. Bleep ra lenvc:), H17 

'■ ■ iepoflaavea,3±T 
:p of leaves, 311 
eaves eiposed ai 

night, ggl 

, sleep of leaves, 311 

■ inacrorr/itio, leaves exposed at 

Eight, 2112 
, sl.ep of leaves, 311 

full.gi-.-wu and young plants, 
348, ilS 

ogiejiuiHt. eiTtclofeiposnre o( 

haivim nt ui;,-i]t,0:n), ^iii 
.nocturnal movement of leaves. 

3i(i, 311 

— -, oirciimnntation of leaves, 318 
, movement of petioles, ±01 
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Jfeiflolui patmjlora, aleep of t 



tecuntli Aura, sleeji of leaves, 

ill! 

Minttrofau, leaves tinned a' 

night, m 

, deep of Wes, Si3 

■ snfcuni. aloep of Icayi"*, 347 

J'unr/ra, leaves eJiJOBfld a' 

night, 2ttl 

; .-I-i. .iMfsvi'S, :;17, 115 

Jl.-tlimis uf Nervation, B 

Minioeu a (Midi, cotjloloEB rcrtieul 

, nut sensitive tn contni'F, HZ 

. — , ,i.v i .,.f,-..t v !.-,:,,i, ! ., :n>8 

, ruiliiuentary lenlloto, 3ii4 



anil leaflets, ifflf 



.1 i'F tin- mi 

»f, as i 

ol 



inmbcr of ellipsi 
— time, 111(1 
: nf brig lit a 



cumulated efTtc 
lrupi-m, 80S 
MotiocoLylerloiiH, a 



oaf, US 
. — effort of bright nunsh 
biaal leiiMeEH, iiH 

jin-iii-o'i'ieuifetafaai P 

jwitica, morenu-nt of coty- 
ledons, 1IL) 

, ruuturo of the jeud-soatH, 

105 

, circumil illation of cotyledon: 



— — , hardly sensitive to contact, 

US 

. — -, cflbcl of exposure ut night, 



\> I'hr.'iliuiri -noils, circomn 

"1" (itv yunhg frond, tiE 
— , of alder frond, 257 
— , slight iiLovti!ji;nt nf 



!ii!iv.'iiH:]]t Hi' ii 

8 

rniflota, 3^8 



conUet, lis 
,n\''titri'[)in movement of leaf- 

letd, 311 
, of pianfo, 4Q2 



INJ'K.Y 



IW8 



Nicatiana tjlauea, sleep of leuYoe, 

, circuomutulion of leaves, 

Kobbe, on tliu runtora of the * 
emits in a smiling of iUiirty 

AWiiijii /iiWr.vfn, ninvemcnt of a 



■p of leaves, 

i cif liyporatyl mid colj- 
:vuii:g ill' tlw livp'iful; ], 

m of bjpowty] 



■■I. Li'.;. 

rv.llil.^ 



i-immintifcili 



OrrAl'.l J'i/r.rp;j^^[?f-f, COIllplei move- 
ment ol p.lliTiin, iSl) 

Oiulis eicefaHelbi, eiruumiiutiil inn nf 
nrwurnltai, 22i 

, effects of exposure fo m.liii- 

tbn at night, -1X1, 22!! 

, cireumniitution and njoti- 

trnph movement In full-growu 



Oxtili* <i/-ji/n--.tlhi, secd-capBUlQ^anlr 
occasionally burial, iilS 

(JJiVtj'umJ iS/io, in- 

(Plllltj- I.I'lllihVfllK-llt ul &itvlftioru 
duiinj; tiio daf, 211 



night, 



— '".I).// Hl-ijuI'M, eif|-u:ninltiiti'Hl 
.1 l«lt : ..vijns |.ctiul<i, ii£< 

nvftiti'-ijic movement (if ter- 
minal leaflet, il2U 



and other forae; alM-fiim 

— coniimJalfl (var. cupreaj, 
movniH'iitinifctvldluns, ;iU 

— , riMiii; of .■"lylVdona, LUi 

— , rudimentary pulvini of ooty- 

— , development of pnhinua, 

-, Ofiectof (lull light, 12± 

— , ciporimoalu un leu res at Bight, 

— jlnrilwttda, pulsions of coty- 
ledon*. Ill 

OVOlUBDf, 118, 



:.[!■:,.■■ niled.; I hy hrijjlii 



, cireuuroulation of peduncle, 



MB 
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Oxalii rotca, pulvinna of, 113 

, movement of cotyledons at 

night. 117, 11& MI 

.efTeotufdul] liglit, I2± 

— — , won - BonBitive cotyledons, 



onnKBo 



. lucturnnl movement of coty- 
ledons, 307, 312 

■ tropaohidei, movement nf co- 

tyledons at ui^bt, 118, 120 

notntiiii) of cotyledons and hypo- 
ootyl, 25 

, cotyledons riiiing vertically at 

night. 114, 115, U7, 118 

cotyledons, 121 



ledon, 807, 312 



Pachira aqualica, unequal or 



L'ani S i nt i-iijii iiin, or diurnal a 

of leaves, 115 
Faeiifiora graalit, erreumnula 



vomif,- ; c!l !\ -s\, -Ml 
I'ui.ii.l.K. lire. rl.-ir.fi .if, L. iiriidu 

plant at night, 103 
Petunia eiofocea, downward mi 



llii, 117; sleep movomo] 
leaves. 2«n, iW, 'J*L; noei 
rid:i« of leaves' of Me.lva, 



pnlvinuaon leaves, 3»6; poriadio 
movements of filcej.inf; leaves, 
1(11, J0«; movements of pelola, 
414 ; effect of bright aimsliina on 
leaflets of Roliinia, i±Z ; effect of 
light on porta provided wilhpul- 



Pkalat 



: Cana 



t* of 



— , ctrli'muutatioa of cotyledons, 
^QilflS t d " 

I'M in ii^iaiiiiiL of ootyiodon towards 
iLilim laleml liglit, 1*7 

-, Bcnsilivenesa of ootylcdon to 

light. iS5 
— , effect of elolusion of light 
from lips of cotyledons, l£ii 

, manner of bending towards 

light iS2 
.effects of paiuling with Indian 



fjiittcd e 



pf Ho* 



cement of leaves and leaflets, 
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radicles, 29 
,of vniiii.' ™huk, 

. — , of lijixwotyl, 9L iia 

■ .BuiiaiHvuniiss ofajies of radicle, 

■ -', to lunU air, 1B1 

— — , cauicrisutiou and gran* on 

the ttiis, 535 
, nocturnal movement of lciivea, 

. motiti'.-j[>ic movement of the 

limt uuifiiliiilfi Ici.vcb, 331 
Iloxbarghii, effect of bright 



■ -.sleep "Heave*, 31S 

, vortical sinking of leaflctl at 

night BBS 

Ffajllanthia StrKri, Bleep of lcaf- 



yHueereat II-itilleUi, rudimentary 

cotyledon.., 01 
Piineliu epectahilii, sleep of l.-nvea, 



hypiiootjl, 5li 
, movement of two opposite 

Ootyisdong, 51 
- — cireumuufcitiori of young leaf, 

250,251 

iarlnt of young JeaTaS" 
/ isl.a utraliuUs, niLPvement of 

loaves, 2ii5 
l isum taticum, sensitiveness of 

upex of mil He, 156 
, tips of radial ei cuutcriacd 

liiiiisvt-racly.aai 
Plants, Be Oh ili ven one to light, 

t&l hygroscopic movements oi; 



F/i'ii'lii'j" Cuprnu'ti, ci renin mi ta I ion 

or.Hl.riLi, in*. -ZU'J 
F-iincktnti GUHlsU, deep of leaves, 



Penitderia {-p >), < 



JW/iJom oh-nicm, effect of Mci- 
dium on, IKS 

Primula Sineoiii, conjoint ciretim- 
u n tut ion of hvpoeolyl and coly- 
ledon, ±a,4i; 

Pifagafarinl on the Lujiirj- to chloro- 
phyll, dili 

Pretopit, nyctitropic moTBmcuta of 
kullets, 311 

Ptondea aeaulti, nocturnal move- 
ments of kinkls, i&l 

Plm'i aquiliva, ittehia of. 36 

Pulvini, or joints : of cotyledons, 
112-122: influence of, on the 
movements of cotvledous, 313; 
effect on nyetitropia movements, 



radicle, 171-nn 
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Rodintinn at night, iflb.t of, i 

li liven, ?HI-?Xil 
Radicles, manner in which Die 

penetrate iho iir.nnnl. iJil-77 ; i-i 

otllllTlllltliir.ll M. Li ; I ■* [ I LI- 1- L r n .-■ rt 

with eplit sticks, H; wH 
wooden pincptj, 7_n: sen siii vein- 
nf npei tn eontnet and oilier irr 



a* 



|*rimiti 



pa rod with KPotn.pism, 15I-1.V1 ; 
re native, nets nf tip m umist 
nir, IM: with greased tips, 
ISA: tlTect of killing inimine; 
iho primnrv radicle. l^7-i:il ; 
onrrature nf. ]Xk jflivi.-rt E.v 
ii.uiHIUio, [JiSj lip alone ai-nsitito 
(<i KiaitnipiBm, SHi pintrnBii.n 
urn! cireiininiihitmn inn g< rminii- 
tiiiK sect), 51*: tip highly aen- 
mtive, 5io_; Hie tip not* liko the 
brain id' i.-no of the lower nnimiiLi, 

, secimibry, senaitivenpsa of 

Iho tipo in thobenn, 151 : become 
vurtionlly ffeotropie, IBSjai 

Ksmcy on the move in en 1 8 of Iho 
cult ltd nns nf Mimoiti /wli'mi, 
JMi-t Cti.i J rf/ufr Jlimpinri „t ui-ht, 
M7 



e tee/la of a/iY/irrrJiiiu Cult/or- 



/i'^>* i ^h'n tvf-ifthn, luiiimcHtnry oo- 

tylcdoiiB. Ifl 
/fieiW n„rl«mi,;,eK eirr-ni.'llrLlj- 
I tion nt'mehuii hypocoiyl, 53 

;,-.r,.„,.r. , i „:■ ,1,,-n. 
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